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PREFACE 

The  present  volume  is  the  eighth  in  the  series  of  general  reports  issued 
by  the  Survey.  It  consists  of  three  parts  dealing  respectively  with  the 
highway  work,  the  general  mineral  industries,  and  a  detailed  report  on  a 
special  industry,  the  lime  and  cement  industry. 

The  Second  Report  on  State  Highway  Construction  by  Walter  Wilson 
Crosby  constitutes  Part  I  of  the  volume  and  discusses  in  detail  the  opera- 
tions of  the  Highway  Division  of  the  Survey  for  the  period  from  January 
1,  1906,  to  January  1,  1908.  This  re}X)rt  was  issued  in  March,  1908,  and 
shows  that  during  the  period  the  Division  has  continued  its  investigation 
of  the  condition  of  the  roads  of  the  State,  its  testing  of  road  and  structural 
materials,  the  survey  of  State  properties,  and  the  actual  construction  of 
roads  under  various  acta  of  the  I^egislature  as  in  former  years.  The 
period  is  also  marked  by  the  preparation  of  a  new  road  map  of  the  State 
on  the  scale  of  three  miles  to  an  inch  which  exceeds  in  its  accuracy  and 
detail  any  similar  map  issued  by  the  State. 

The  report  on  Maryland  Mineral  Industries  1896-1907,  by  Wm.  Bul- 
lock Clark  and  Edward  B.  Mathews  forms  Part  II  of  the  volume  and  was 
issued  in  March,  1908.  It  represents  a  statistical  study  of  the  various 
mineral  industries  of  the  State  based  upon  the  information  gathered 
annually  by  the  State  Survey  during  the  decade  since  its  organization. 
The  statistics  in  each  case  are  preceded  by  a  summary  of  the  information 
regarding  the  character,  distribution  and  uses  of  the  subject  under  dis- 
cussion. A  special  chapter  is  devoted  to  the  Maryland  coal  operations  dur- 
ing the  year  1907  in  which  the  detailed  information  regarding  Maryland 
coal  mines  which  was  collected  in  1902  is  revised  and  brought  up  to  date. 
A  notable  feature  of  this  report  is  the  bringing  out  of  the  fact  that  there 
has  been  a  steady  increase  in  the  annual  output  of  Maryland  mineral  prod- 
ucts during  the  twelve  years  following  the  organization  of  the  State  Geo- 
logical'Survey.     In  that  period  the  total  value  has  nearly  doubled  while 
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the  people  directly  or  indirectly  affected  have  greatly  increased  in  number. 
Under  normal  business  conditions  the  valuation  of  the  output  of  mineral 
products  each  year  now  exceeds  $10,000,000.  The  largest  individual  in- 
dustry is  that  of  coal  which  is  followed  in  turn  by  those  of  clay  and  stone. 

The  Report  on  the  Limestones  of  Maryland,  by  Edward  B.  Mathews  and 
John  Sharshall  Grasty  constitutes  Part  111  of  the  volume  and  is  devoted 
especially  to  their  use  in  the  manufacture  of  lime  and  cement.  This  re- 
port was  issued  in  March,  1910. 

The  first  part  of  the  report  is  a  general  educational  summary  regarding 
the  uses  of  limestones  for  construction,  agricultural,  and  metallurgical 
purposes,  and  the  manufacture  and  uses  of  limes  and  cements.  In  the 
preparation  of  this  report  the  authors  have  received  the  very  valuable  as- 
sistance of  Mr.  R.  K.  Meade,  of  the  Meade  Testing  Laboratories,  Allen- 
town,  Pennsylvania,  who  has  carefully  revised  the  entire  manuscript,  and 
has  also  added  materially  to  its  value  by  original  contributions  at  various 
points.  The  manuscript  in  an  earlier  form  also  received  the  perusal  and 
kindly  criticism  of  Mr.  Charles  Catlett,  of  Staunton,  Virginia,  and  Mr. 
E.  C.  Eckel,  of  Washington,  D.  C.  The  report  has  also  been  enriched  by 
the  discussions  of  furnace  flux  and  the  methods  of  determining  magnesia 
in  the  field  furnished  bv  Professor  J.  J.  Porter,  of  the  Universitv  of 

a,  '  «/ 

Cincinnati. 

The  second  portion  of  the  report,  dealing  with  the  lime  and  cement 
materials  as  they  occur  in  Maryland,  represents  the  assembling  of  infor- 
mation gathered  by  many  different  membere  of  the  Survey.  The  whole 
area  under  discussion  was  examined  in  detail  bv  the  authors  who  have  had 
the  assistance  of  many  workers  assigned  to  special  regions.  The  field  work 
of  the  Piedmont  Plateau  and  the  Hagerstown  Valley  was  conducted  by 
Dr.  Grasty  under  the  supervision  of  the  senior  author.  In  this  work  Dr. 
Grasty  received  great  assistance  in  the  deciphering  of  the  stratigraphy 
and  structure  of  the  Hagerstown  and  Frederick  Valleys  from  Dr.  R.  S. 
Bassler,  of  the  U.  S.  National  Museum,  while  portions  of  the  area  I  map- 
ping in  this  region  were  entrusted  to  R.  C.  Williams  who  has  furnished  a 
structural  section  across  the  Hagerstown  Valley  given  on  page  40?.  The 
report  contains  over  300  chemical  analyses  of  limestone,  38  of  clays  and 
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shales,  and  41  of  cements.  Many  of  the  shale  and  limestone  analyses  are 
new,  nearly  250  analyses  of  recent  determination  having  been  incorporated 
in  the  report.  In  this  analytical  work  the  Survey  has  been  assisted  by 
Messrs.  R.  K.  Meade,  Penniman  and  Browne,  Charles  Catlett,  J.  J.  Porter 
and  R.  S.  Williamson,  but  the  majority  of  the  analyses  were  made  under 
Survey  auspices  by  Drs.  E.  G.  Zies,  M.  R.  Schmidt,  H.  P.  West,  Messrs. 
0.  E.  Bransky  and  W.  A.  A.  Reinhardt. 

The  results  of  the  areal  mapping  and  the  scientific  aspects  of  the  lime- 
stone bodies  of  the  western  Piedmont  served  as  the  basis  of  a  dissertation 
prepared  by  the  junior  author.  This  manuscript  together  with  additional 
field  notes  has  been  utilized  by  the  senior  author  in  the  preparation  of  the 
present  report. 

In  the  treatment  of  the  deposits  the  State  is  divided  into  seven  divi- 
sions. Each  of  these  is  discussed  with  notes  on  the  geology,  a  description 
being  given  of  the  exposures  and  quarries  of  lime  and  cement  materials. 
The  locations  of  the  individual  quarries,  and  the  sources  of  samples  which 
have  been  analyzed  are  represented  on  the  large  map  showing  the  areal 
distribution  of  the  limestones  of  the  State. 

The  illustrations  used  in  this  volume  have  been  secured  from  various 
sources,  most  of  them,  however,  being  from  photograplis  taken  by  the 
members  of  the  State  Greological  Survey  while  individual  photographs 
have  been  supplied  by  the  various  lime  and  cement  companies  interested 
in  the  work. 

The  Survey  as  in  former  years  is  indebted  to  the  Director  of  the  U.  S. 
Geological  Survey  who  through  his  chiefs  of  division  has  cooperated  at 
many  points  with  the  State  organization.  This  is  especially  true  in  the 
case  of  the  present  report  with  Mr.  E.  W.  Parker,  Statistician  in  Charge 
of  the  Division  of  Mineral  Resources. 
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INTRODUCTORY. 

The  work  of  the  Highway  Division  during  1906  and  1907  has  included 
an  investigation  of  the  condition  of  the  roads  of  the  State,  a  study  of  the 
paving  materials  for  the  towns,  the  preparation  of  a  new  road  map  of 
the  State,  the  testing  of  road  and  structural  materials  for  the  munici- 
palities, and  the  survey  of  State  properties.  The  Survey  has  also  fre- 
quently furnished  to  the  counties  and  towns  advice  and  plans  for  road 
and  street  work.  Investigations  of  the  available  paving  materials  of  the 
State  have  been  made,  and  plans  are  approaching  completion  for  the 
preparation  of  a  report  regarding  street  pavements  for  Maryland  cities 
and  towns,  with  remarks  on  the  materials  best  adapted  for  the  purpose 
and  the  methods  to  be  pursued  in  their  utilization.  Such  a  report  cannot 
fail  to  be  of  great  practical  value  in  securing  better  results  in  the  cities 
and  towns  of  the  State. 

Reference  has  already  been  made,  in  an  earlier  statement  regarding 
Topographic  Surveys,  to  the  preparation  of  a  new  State  map.  The 
Highway  Division  has  cooperated  in  the  preparation  of  this  map  and  has 
used  the  same  to  designate  those  highways  which  it  considers  could  be 
desirably  improved  under  the  present  or  future  acts  of  the  (xencral 
Assembly.  By  the  use  of  symbols  the  roads  already  bnilt  by  tlie  State 
Commission,  the  existing  turnpikes,  and  a  suggested  system  of  improved 
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•  , '••highways  are  shown.  It  is  believed  that  this  new  and  up-to-date  map 
will  prove  of  much  vahie  to  the  people  of  the  State  in  their  efforts  to 
devise  a  modern  road  system. 

Since  the  passage  of  the  so-called  "  Shoemaker  Law/'  the  (»ounties  of 
the  State,  which  before  its  enactment  had  attempted  some  permanent 
improvement  annually  and  had  called  on  this  office  for  advice  and  assist- 
ance, have  devoted  their  annual  improvement  funds  to  work  imder  the 
"  Shoemaker  Law,"  realizing  that  it  was  possible  to  obtain  even  better 
results  from  this  source  than  they  could  formerly.  By  so  doing,  they 
have  been  able  to  secure  greater  assistance  from  this  office  in  the  way  of 
more  detailed  plans  and  more  constant  supervision  of  the  work,  and  it 
has  also  been  possible  for  them  to  secure  far  more  extensive  improvement 
for  the  same  amount  of  money,  by  the  practical  doubling  of  the  funds 
available  under  the  provisions  of  the  State  Aid  Act.  Consequently,  little 
assistance  of  the  character  heretofore  rendered  has  been  asked  for  bv 
the  counties,  although  several  of  the  towns  of  the  State  have  applied  for, 
and  received,  such  assistance  from  this  office. 

Numerous  tests  of  paving  materials,  cement,  and  other  substances  have 
been  made  in  the  testing  laboratory  of  the  Highway  Division  during 
the  years  1906  and  1907.  Most  of  these  have  been  made  for  the  city  of 
Baltimore  which  has  frequentlv  referred  to  the  Survev  the  materials  to 
be  used  in  various  public  works.  The  submission  of  samples  to  certain 
prescribed  tests  shows  their  relative  values,  and  the  municipalities  in  this 
way  are  protected  against  loss  in  the  use  of  bad  materials.    The  labora- 

^  tory  is  equipped  with  special  apparatus  for  testing  vitrified  brick,  "  bel- 
gian "  blocks,  crushed  stone,  cement,  and  other  materials.  Over  300 
tests  were  made  during  the  past  biennial  period. 

The  survey  of  State  properties  has  been  continued  at  the  request  of 
the  Governor  from  time  to  time  when  the  men  were  not  required  for 
other  purposes.  The  survey  of  the  Springfield  Asylum  grounds  at  Sykes- 
ville,  the  largest  property  owned  by  the  State,  has  now  been  entirely 
completed  and  plotted.  The  surveys  of  the  State  properties  at  Annapolis 
have  also  been  finished,  while  work  has  been  started  on  the  State  Insane 
Asylum  grounds  at  Spring  Grove.     It  is  tlie  intention  of  the  Highway 
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Division  to  continue  the  survey  of  the  leniaining  State  properties  as 
rapidly  as  possible.  When  finished,  an  atlas  of  these  properties  will  be 
compiled  and  published,  since  it  is  desirable  that  the  State  authorities 
should  have  in  readily  available  form  the  facts  concerning  the  exact  loca- 
tion of  the  boundaries  of  these  properties,  as  well  as  their  topographic 
features. 

The  work  under  the  State  Aid  Road  Law,  commonly  known  as  the 
"  Shoemaker  Law,"  has  been  actively  continued,  and  a  wider  appreciation 
of  its  provisions  has  become  apparent  as  additional  roads  have  been  built. 
Already  75  miles  have  been  completed  imder  this  law.  Surveys  and 
specifications  have  been  made  for  150  miles,  and  applications  have 
already  been  received  at  the  office  of  the  Highway  Division  for  274  miles. 
Much  greater  results  might  have  been  secured  during  the  three  years  that 
the  law  has  been  in  operation  if  the  people  of  the  State  had  more  fully 
understood  the  intent  of  the  Act  and  the  methods  which  the  State  Com- 
mission is  pursuing.  This  law,  in  its  most  essential  particulars,  is  like 
the  legislation  which  has  proved  so  successful  in  Massachusetts,  Connect- 
icut, New  York,  and  New  Jersey. 

There  have  been  the  delays  incident  to  the  organization  of  a  new  move- 
ment as  well  as  those  due  to  a  number  of  secondary  causes.  The  most 
notable  of  these  has  been  the  scarcity  of  labor  for  all  purposes  in  the 
State  in  the  past  two  or  three  years,  the  unfortunate  weather  that  has 
prevailed  during  the  summers  of  1906  and  1907,  when  the  rainfall  was 
excessive,  and  the  difficulties  in  quickly  securing  the  needed  materials  for 
the  roads  under  construction. 

The  passage  in  190(5  of  an  Act,  commonly  known  as  the  "  Hill  Law," 
providing  for  the  building  of  a  State  road,  independently  of  the  counties, 
between  Baltimore  and  Washington,  inaugurated  a  new  movement  in 
State  highway  construction.  It  was  felt  by  those  advocating  this  meas- 
ure that  some  of  the  main  thoroughfares  of  the  State  should  be  built  by 
the  State  alone,  while  the  counties  could  still  continue  to  build  the  less 
important  roads  under  the  existing  State  Aid  Highway  law. 

For  the  building  of  the  Baltimore-Washington  road  (State  road  No.  1) 
$30,000  was  made  available  for  each  of  the  fiscal  years  1906,  1907,  and 
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1908.  Provision  was  also  made  for  the  use  of  such  convicts  from  the 
House  of  Correction  as  could  be  advantageously  employed.  Work  began 
under  this  Act  in  1906  and  has  been  pushed  as  fast  as  practicable. 
Already  about  12  out  of  the  30  miles  of  road  have  been  completed.  The 
present  appropriation  is  about  exhausted,  and  if  the  work  is  to  be  com- 
pleted, another  appropriation  by  the  General  Assembly  of  1908  will  be 
necessary.  If  the  present  grade-crossings  of  the  steam  railroads  are  to 
be  avoided,  it  will  probably  require  not  less  than  $150,000  to  complete 
the  work.  It  seemed  desirable,  because  of  the  large  traffic  which  would 
necessarily  be  developed  on  this  highway,  to  provide  for  the  reduction  of 
the  grades,  the  building  of  a  relatively  wide  macadam  surface  on  the 
approaches  to  Baltimore  and  Washington,  the  abandonment,  ,where  pos- 
sible, of  grade  crossings,  and  the  straightening  of  the  road  in  many  places. 

RECOMMENDATIONS. 

The  Commission  feels,  in  view  of  the  widely  awakened  interest  in  road 
matters  and  the  present  discussion  of  proposed  legislation  for  the  early 
improvement  of  the  roads  of  the  State,  that  it  should  report  the  con- 
elusions  it  has  reached  as  a  result  of  its  experiences  to  date  in  State  road 
construction.    These  are  as  follows: 

First.  That  the  early  improvement,  according  to  modern  methods, 
of  an  efficient  system  of  main  roads  and  feeders  covering  the  whole 
State  is  desirable  from  every  standpoint. 

Second.  That  it  is  not  only  proper,  but  good  business  judgment  on 
the  part  of  the  State  to  provide  that  the  main  arteries  of  this  system 
should  be  improved  and  maintained  by  the  State  Commission  at  the 
expense  of  the  State. 

Third.  That  the  improvement  of  the  remainder  of  the  system  should 
be  at  the  joint  expense  of  the  State  and  the  counties. 

Fourth.  That  the  minor  roads  should  be  built  and  maintained  by  the 
counties  and  localities  themselves. 

Fifth.  That  present  conditions  have  shown  the  importance  of  many 
of  the  turnpikes  as  sections  of  the  general  system.  While  undoubtedly 
the   operation   of  these  highways  has  contributed   in  the  past  to  the 
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development  of  the  State,  conditions  are  rapidly  approaching  the  point 
where  their  further  existence  as  toll  roads  is  entirely  undesirable.  Any 
legislation  looking  to  the  abolishment  of  the  turnpikes  as  toll-roads  should 
recognize  the  private  rights  and  property  values  in  the  turnpikes  them- 
selves, and  in  all  cases  of  assumption  by  the  State  or  counties  of  the  turn- 
pikes, fair  compensation  should  be  made  to  private  interests  for  the 
property  taken  from  them. 

Sixth.  That  any  legislation  providing  for  the  taking  by  the  State  of 
the  turnpikes  should  allow  great  discretion  to  the  State  Commission  to 
prevent  the  acquisition  of  unnecessary  property  or  turnpikes  unsuited  to 
the  development  of  a  system  of  market  roads.  Such  legislation  should  be 
broad  enough  to  allow  the  Commission  to  acquire  for  the  State,  for  im- 
provement and  maintenance,  either  turnpikes  or  main  roads,  as  the  case 
might  require. 


GENERAL   HIGHWAY   INVESTIGATIONS,   ASSISTANCE   TO 

COUNTIES  AND  TOWNS. 

TESTS  OF  MATERIALS  AND  SURVEYS  OP  STATE  PROPERTIES. 

(Acts  of  1898,  Chapter  434.) 

General  Highway  Investigations,  Reports,  Etc. 

The  investigations  of  the  Survey,  concerning  the  public  roads  of  the 
State,  though  perhaps  completed  in  a  general  way,  should  be  considered 
unending  if  the  records  as  to  details  are  to  be  kept  up  to  date,  and  the 
effort  has  been  made  during  the  past  two  years  to  keep  abreast  of  the 
demands.  As  fast  as  new  facts  have  been  discovered,  new  deposits  of 
materials  needed  in  connection  with  road  work,  or  new  methods  of  road 
betterment  suggested,  this  office  has  promptly  and  thoroughly  investi- 
gated the  new  conditions  and  methods,  and  tested  the  new  materials. 

The  destructive  effect  of  fast-running  automobiles,  especially  on  the 
better  class  of  macadam  roads,  has  begun  to  be  appreciated  in  this  State. 
There  is  no  doubt  but  that  these  machines,  owing  to  the  construction  of 
their  wheels,  to  their  self-propulsion,  and  to  the  speed  at  which  they  are 
frequently  driven,  have  brought  about  new  conditions  and  demands  for 
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the  Road  Engineer  to  meet.  These  conditions  may  be  briefly  stated  to 
include  (1)  objectionable  clouds  of  dust  in  dry  weather;  (2)  rapid 
removal  of  the  fine  "  binder  ''from  the  surface  of  the  macadam,  resulting 
in  the  loosening  of  this  surface  and  its  final  destruction,  leading  ulti- 
mately to  the  destruction  of  the  road;  and  (3)  the  effect  on,  and  dis- 
turbance to,  the  other  users  of  a  public  highway  by  a  swiftly  travelling 
automobile,  especially  when  driven  at  an  excessive  speed. 

This  last  question  may  seem  one  more  appropriate  for  an  officer,  or  a 
maker  of  the  law  than  for  an  engineer,  but  whenever  the  law  is  admittedly 
inadequate  in  construction  or  operation  to  furnish  a  satisfactory'  solution 
of  the  problem,  the  demand  then  reaches  the  engineer  who  is  expected  to 
supply  the  lacking  protection  to  the  general  public  by  such  forms  or 
methods  of  construction  as  may  be  efficient.  In  a  later  part  of  this  report 
the  further  discussion  of  this  matter  will  be  taken  up. 

For  some  time  past,  the  need  of  an  up-to-date  map  of  the  State, 
showing  the  public  roads,  has  been  apparent.  This  need  was  emphasized 
by  the  duties  imposed  on  this  Commission  under  tlie  State  Aid  to  High- 
ways Law  of  1904.  Under  this  Act,  the  judgment  of  this  Commission, 
as  to  whether  the  general  public  welfare  of  the  State  would  be  furthered 
by  the  e3ft;ension  of  the  aid  of  the  State  treasury  toward  the  improvement 
of  a  particular  road,  was  demanded  and  it  was  difficult,  in  some  cases,  to 
arrive  at  a  fair  conclusion  in  the  absence  of  a  complete  road  map  of  the 
State.  Many  demands  from  other  interests  and  from  the  general  public 
seemed  also  to  emphasize  the  desirability  of  such  a  map.  The  completion, 
by  this  Commission,  in  co-operation  with  the  United  States  Geological 
Survey,  of  a  large  number  of  the  county  surveys  and  maps,  furnishing 
most  of  the  necessary  data,  a  road  map  of  the  State  has  accordingly  been 
published  on  a  scale  of  three  miles  to  the  inch,  and  it  is  believed  it  will 
be  generally  appreciated.  The  map  is  compiled  from  the  latest  available 
data,  and,  with  the  exception  of  a  small  area  in  the  north  central  portion 
of  the  State,  is  from  recent  surveys.  The  field  work  on  tlie  portion 
referred  to  being  still  in  progress,  this  edition  of  the  map  was  compiled 
from  the  best  and  latest  available  data.     It  was  felt  wiser  to  issue  the 
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map  in  this  form  at  the  present  time  and  to  correct  this  portion  at  a 
]ater  date,  after  these  surveys  had  heen  completed,  than  to  delay  the 
issue  entirely  until  the  surveys  should  have  been  finished. 

In  addition  to  showing  on  the  map  the  existing  public  roads  and  turn- 
pikes, and,  also,  by  a  suitable  designation,  those  stretches  of  road  already 
improved  under  the  State  Aid  Law,  the  attempt  has  been  made  to  show 
a  svstem  of  modem  roads  for  the  State,  and  how  such  a  svstem,  com- 
prising  less  than  12  per  cent  of  the  total  mileage  of  the  public  roads 
would  serve  by  far  the  greater  part  of  the  public  needs.  It  is  by  means 
of  just  such  systems  of  improved  roads  that  the  States  of  Xew  Jersey, 
Connecticut,  and  Massachusetts  have  met  the  demands  of  their  citizens 
and  acquired  their  just  reputations  as  States  with  good  roads.  It  is  also 
along  such  lines  that  the  more  progressive  southern  and  western  States 
have  more  recently  taken  up  their  work  of  road  improvement. 

In  suggesting  any  such  system,  it  is  fully  realized  that  the  judgment, 
as  to  the  routes  to  be  selected,  and  many  of  the  other  details,  of  one  man 
or  one  commission,  is  neither  infallible  nor  even  beyond  criticism,  but 
with  the  system  shown  as  a  starting  point  and  with  the  co-operation  of 
others  interested,  and  even  better  informed,  the  highest  ultimate  success 
in  its  design  is  assured. 

The  advent  of  the  automobile  on  the  public  highways,  as  already 
referred  to,  has  created  new  conditions  and  new  demands.  Heretofore, 
the  Road  Engineer  had  simply  to  design  a  surface  fit  to  protect  the  road 
foundation  from  the  destructive  effects  of  weather,  of  the  shod  feet  of 
draught  animals,  and  of  hard-tired  wheels  running  at  a  moderate  rate 
of  speed.  With  the  modern,  high-powered,  fast-speeding,  rubber-tired 
automobile  recognized  as  an  inevitable  condition  to  be  lienceforth  con- 
sidered and  provided  for,  some  means  of  preventing  the  disagreeable  and 
destructive  effects  of  its  frequent  use  on  macadam  surfaces  must  be 
evolved.  Where  the  machines  are  few,  compared  to  the  animal-drawn 
traffic,  it  may  be  said  that  their  destructive  effect  is  so  slight  as  to  be 
scarcely  worth  any  additional  expense  in  providing  against.  The  other 
traffic  will  provide  a  sufficiency  of  binder,  despite  the  sweeping  effect  of 
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the  machine,  and  also  keep  the  stone  properly  packed  down.  The  ma- 
chine, however,  in  even  moderately  dry  weather  raises  such  clouds  of  dust 
that  some  protection  against  snch  a  nuisance  is  demanded.  Temporary 
improvement  may  be  secured  by  sprinkling  with  ordinary  water.  More 
lasting  eflEects  are  obtainable  with  the  use  of  sea- water  (or  its  refinement, 
a  solution  of  sodium  chloride),  but  this  is  open  to  serious  objections 
from  a  sanitary  standpoint.  Very  satisfactory  results  are  secured  by  the 
use  of  oils  in  various  ways,  generally  in  emulsions,  some  of  which  are 
patented,  while  others  are  not.  The  use  of  some  of  the  heavy  oils,  rich 
in  asphalt,  from  western  Kentucky,  Indiana,  and  California  has  been 
very  successful,  but  the  necessity  of  the  asphalt  base  has  been  most 
strongly  emphasized  by  the  complete  failures  which  have  occurred  in  the 
use  of  oils,  such  as  those  of  Pennsylvania,  with  the  paraffine  base.  All 
use  of  emulsions,  to  be  effective,  must  be  continuous  during  dry  seasons, 
and  the  applications  must  be  made  as  frequently  as  conditions  demand. 
Some  of  them  undoubtedly  have  a  slight  effect,  not  only  in  keeping  down 
the  dust,  but  also  in  preserving  the  road  against  destruction  by  storms  and 
frequent  automobile  travel.    Their  main  value  is,  however,  as  dust-layers. 

When  the  frequency  and  speed  of  the  machines  become  so  great  as  to 
effect  the  macadam  itself,  further  efforts  to  protect  it  must  be  made. 
The  destruction  caused  by  these  vehicles  consists  first  of  the  removal  of 
the  "  binder  '^  or  small  particles  of  stone  from  the  interstices  of  the  sur- 
face layer  of  stone,  then  in  the  loosening  of  the  bond  in  this  layer, 
and  finally  in  the  dislodging  and  removal  of  the  successive  layers  of  the 
macadam  into  windrows  alongside  of  the  tracks  of  travel.  Any  road 
composed  of  broken  stone  and  even  asphalt  pavements  themselves  seem, 
if  left  to  themselves,  to  be  unable  to  withstand  indefinitely  the  suction 
apparently  exerted  by  the  pneumatic  tires  of  the  automobile,  shod  in 
various  ways,  and  the  sucking  and  sweeping  effect  of  the  car,  driven  at 
a  high  speed,  by  the  grip  of  the  wheels  on  the  road  surface. 

To  enable  a  binder  to  hold  its  proper  place  under  the  action  of  fre- 
quent automobile  travel,  and  thus  to  postpone,  if  not  to  prevent,  the 
ultimate  destruction  of  the  macadam,  various  means  have  been  tried.  As 
before  stated,  emulsions  of  proper  oils  have  some  beneficial  effect,  but. 
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to  meet  devere  conditions,  tlieir  use  must  be  so  frequent  as  to  suggest  the 
advisability  of  using  the  base  itself  instead  of  any  dilution  of  it.  The 
use  of  properly  refined  oils  with  an  asphaltum  base  has  given  fairly  satis- 
factory results  in  many  places.  It  must  be  admitted,  however,  that  this 
process,  while  promising,  has  not  as  yet  been  developed  sufficiently  to 
warrant  the  unreserved  approval  of  it  under  all  conditions. 

Probably  the  most  successful  attempts  to  prevent  the  destruction  of 
macadam  under  frequent  automobile  traffic  have  been  made  with  the  use 
of  refined  coal-tar,  nothwithstanding  the  natural  advantages  that  asphal- 
tum may  possess  over  this  material.  The  refining  of  coal-tar  for  this 
purpose,  and  the  methods  of  using  it  have  been  intelligently  considered 
and  fairly  well  worked  out.  Where  the  results  of  these  considerations 
have  been  carefully  followed  the  success  has  been  marked,  although  at 
times,  there  have  been  apparent  failures  due  to  defects  in  the  macadam 
treated.  Numerous  other  failures  in  the  use  of  coal-tar  have  resulted 
from  the  employment  of  improperly  prepared  tar,  its  unskillful  or  unin- 
telligent application,  or  its  use  under  circumstances  and  conditions  so 
evidently  unfavorable  that  they  should  have  prevented  even  a  trial. 

The  best  results  and  the  maintenance  of  a  tarred  road  can  only  be 
secured  by  repeated  applications  of  the  tar,  but  the  interval  between 
applications  grows  successively  longer  as  the  penetration  increases. 
While  the  tar  retains  its  life,  the  road  successfully  resists  the  heaviest 
automobile  traffic,  but  the  moment  this  life  disappears  or  the  layer  of 
tarred  material  is  worn  through,  the  road  is  again  in  danger.  Tarred 
macadam  also  nullifies  the  washing  effects  of  storms  and  diminishes  the 
destructive  action  of  frosts,  and  practically  prevents  dust  existing  on  the 
road  unless  animals  are  admitted  to  it,  or  mud  is  brought  on  in  wet 
weather  from  adjacent  fields  or  intersecting  roads.  Properly  built  and 
tarred  macadam  may  yet  prove  a  solution  for  the  question  of  securing 
road  and  street  surfaces  to  meet  certain  conditions  of  traffic  without 
involving  the  enormously  higher  costs  of  block  or  patented  pavements. 

The  fact  that  automobiles  do  injure  the  roads  and  tlie  observation  that 
this  damage  is  proportional  to  the  rate  of  speed  inevitably  presents  the 
question  of  how  to  protect,  not  only  the  users  of  the  road,  but  the  road 
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itself  from  excessive  speeds.  Although,  as  before  stated,  this  office  feels 
that  its  entrance  into  the  purely  legal  phases  of  the  question  or  into  the 
matter  at  all,  until  tlie  legal  authorities  admit  their  failure  to  handle  it, 
would  be  merely  an  unwarranted  intrusion;  still  when  the  public  admits 
the  inefficacy  of  the  law  and  the  failure  of  authorities  entrusted  with  its 
enforcement  to  prevent  excessive  speed,  and  applies  to  this  office  for  relief, 
the  consideration  of  means  of  relief  becomes  imperative.  A  solution  that 
has  been  most  successful  in  its  prevention  of  excessive  speed  lias  been  the 
construction  at  fairly  frequent  intervals  in  the  macadam  of  artificial 
ridges  (or  trenches)  extending  across  the  axis  of  tlie  road  and  of  a  height 
(or  depth)  sufficient  to  absolutely  deter  the  most  rabid  "  scorcher  "  from 
more  than  one  attempt  to  maintain  an  excessive  speed  over  a  road  so 
constructed. 

The  presence  of  such  "  breakers,'^  as  they  are  popularly  called,  is,  how- 
ever, slightly  objectionable  to  ordinary  travel  and  is  further  likely,  by 
possibly  obstructing  the  proper  drainage  of  the  road  or  by  encouraging 
the  formation  of  pools  of  water  on  the  macadam,  to  shorten  the  life  of 
the  latter,  and  thereby  increase  the  cost  of  its  maintenance.  It  would 
seem  far  better,  therefore,  to  rely  on  proper  public  opinion,  laws,  and 
legal  authorities,  to  control  and  protect  both  public  and  roads  against 
the  excessive  speeds,  by  for  example,  r«:'gulating  the  gearing  of  high- 
powered  machines  so  that  excessive  speeds  are  impossible,  rather  than  to 
call  for  such  control  and  protection  by  devices  of  construction  which  in 
themselves  are  departun^s  from  the  best  possible  methods  of  road  building. 

Gkxeral  Assistance  to  Cointiks  and  Towns. 

Since  the  *'  Shoemaker  Law  "  has  been  operative,  counties  that  previ- 
ously had  attempted,  with  the  technical  assistance  of  this  office,  to  make 
certain  permanent  improvements  each  year  with  such  funds  as  they  could 
annually  set  aside  for  this  purpose,  now  devote  these  same  funds  to  work 
under  this  law.  The  practical  effect  is  to  double  the  amounts  available 
for  permanent  improvements,  and,  at  the  same  time,  to  render  the  tech- 
nical assistance  free.  The  other  calls  for  technical  assistance  are,  how- 
ever, correspondingly  reduced. 
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Calvert  County  secured  permission  from  the  General  Assembly  of 
1906  to  issue  bonds  for  the  purpose  of  rebuilding  the  bridge  to  the  main- 
land at  Solomon's  Island.  The  assistance  of  this  office  was  requested  and 
furnished  under  the  State  Aid  Law.  The  old  bridge  was  a  pile  structure 
500  feet  long.  Extensive  repairs  were  necessary  every  few  years  because 
of  the  destruction  caused  by  the  teredo  worms.  After  careful  investiga- 
tion, including  the  consideration  of  various  forms  of  construction,  such 
as  concrete  piers,  spans  of  various  numbers  and  lengths,  protected  piles, 
etc.,  this  office  recommended  a  bridge  of  26  spans,  each  20  feet  long,  with 
concrete  piers  and  abutments,  and  with  sufficient  wing  walls  to  protect 
the  fills  behind  the  latter.  The  Survev  offered  the  aid  of  the  State  to 
the  county  to  the  extent  of  one-half  the  proper  cost  of  such  construction. 
The  county  authorities,  however,  appeared  to  underestimate  the  value  of 
the  provisions  in  the  State's  plans  and  specifications  for  substantial  work 
and  decided  that  the  expense  to  the  county  of  carrying  out  the  State's 
plans  ($3800  to  $-1:000)  could  be  reduced  by  the  county  attempting  the 
work  alone.  Accordingly,  the  county  modified,  to  meet  the  ideas  of  their 
authorities,  the  plans  of  the  State  (by  omitting  some  of  the  foundations, 
replacing  steel  girders  with  chestnut,  and  white  oak  plank  with  red  oak, 
etc.)  and  built  the  bridge  in  the  winter  and  spring  of  1906-OT.  In 
October,  1907,  an  inspection  revealed  the  fact  that  one  of  the  piers  had 
already  sunk  on  one  end  and  the  lumber  was  showing  signs  of  decay.  It 
is  understood  that  the  first  cost  to  the  countv  was  actuallv  about  $5000, 
not  counting  subsequent  repairs. 

]n  Prince  George's  County,  the  road  authorities  applied  for  State  aid 
on  a  portion  of  (Vntral  Avenue  near  the  District  Line.  In  response, 
plans  and  specifications  were  prepared  by  the  State  and  bids  on  them 
were  asked  bv  the  countv.  A  reasonable  bid  was  received,  and  the  countv 
authorities  were  advised  that  their  execution  of  the  contract  would  be 
approved  by  the  State.  When  the  signed  contract  was  returned  to  this 
office,  however,  it  was  found  that  in  executing  the  same,  a  change  had 
been  made  in  the  specifications  so  as  to  permit  tiie  use  of  gravel  from  a 
certain  bank  instearl,  as  originally  provided,  gravel  with  certain  char- 
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itself  from  excessive  speeds.  Although,  as  before  stated,  this  office  feels 
that  its  entrance  into  the  purely  legal  phases  of  the  question  or  into  the 
matter  at  all,  until  the  legal  authorities  admit  their  failure  to  handle  it, 
would  be  merely  an  unwarranted  intrusion;  still  when  the  public  admits 
the  inefficacy  of  the  law  and  the  failure  of  authorities  entrusted  with  its 
enforcement  to  prevent  excessive  speed,  and  applies  to  this  office  for  relief, 
the  consideration  of  means  of  relief  becomes  imperative.  A  solution  that 
has  been  most  successful  in  its  prevention  of  excessive  speed  has  been  the 
construction  at  fairly  frequent  intervals  in  the  macadam  of  artificial 
ridges  (or  trenches)  extending  across  the  axis  of  tlie  road  and  of  a  height 
(or  depth)  sufficient  to  absolutely  deter  the  most  rabid  "  scorcher  "  from 
more  than  one  attempt  to  maintain  an  excessive  speed  over  a  road  so 
constructed. 

The  presence  of  such  "breakers,"  as  they  are  popularly  called,  is,  how- 
ever, slightly  objectionable  to  ordinary  travel  and  is  further  likely,  by 
possibly  obstructing  the  proper  drainage  of  the  road  or  by  encouraging 
the  formation  of  pools  of  water  on  the  macadam,  to  shorten  the  life  of 
the  latter,  and  thereby  increase  the  cost  of  its  maintenance.  It  would 
seem  far  better,  therefore,  to  rely  on  proper  public  opinion,  laws,  and 
legal  authorities,  to  control  and  protect  both  public  and  roads  against 
tlie  excessive  speeds,  by  for  example,  regulating  the  gearing  of  high- 
lowered  machines  so  that  excessive  speeds  arc  impossible,  rather  than  to 
call  for  such  control  and  protection  by  devices  of  construction  which  in 
themselves  are  departures  from  the  best  possible  methods  of  road  building. 

Gkneral  Assistance  to  Counties  and  Towns. 

Since  the  "  Shoemaker  Law  "  has  been  operative,  counties  that  previ- 
ously had  attempted,  with  the  technical  assistance  of  this  office,  to  make 
certain  permanent  improvements  each  year  with  such  funds  as  they  could 
annually  set  aside  for  this  purpose,  now  devote  these  same  funds  to  work 
under  this  law.  The  practical  effect  is  to  double  the  amounts  available 
for  permanent  improvements,  and,  at  the  same  time,  to  render  the  tech- 
nical assistance  free.  The  other  calls  for  technical  assistance  are,  how- 
ever, correspondingly  reduced. 
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Calvert  County  secured  periTiission  from  the  General  Assembly  of 
1906  to  issue  bonds  for  the  purpose  of  rebuilding  the  bridge  to  the  main- 
land at  Solomon's  Island.  The  assistance  of  this  office  was  requested  and 
furnished  under  the  State  Aid  Law.  The  old  bridge  was  a  pile  structure 
500  feet  long.  Extensive  repairs  were  necessary  every  few  years  because 
of  the  destruction  caused  by  the  teredo  worms.  After  careful  investiga- 
tion, including  the  consideration  of  various  forms  of  construction,  such 
as  concrete  piers,  spans  of  various  numbers  and  lengths,  protected  piles, 
etc.,  this  office  recommended  a  bridge  of  26  spans,  each  20  feet  long,  with 
concrete  piers  and  abutments,  and  with  sufficient  wing  walls  to  protect 
the  fills  behind  the  latter.  The  Survev  offered  the  aid  of  the  State  to 
the  county  to  the  extent  of  one-half  the  proper  cost  of  such  construction. 
The  county  authorities,  however,  appeared  to  underestimate  the  value  of 
the  provisions  in  the  State's  plans  and  specifications  for  substantial  work 
and  decided  that  the  expense  to  the  county  of  carrying  out  the  State's 
plans  ($3800  to  $1000)  could  be  reduced  by  the  county  attempting  the 
work  alone.  xVccordingly,  the  county  modified,  to  meet  the  ideas  of  their 
authorities,  the  plans  of  the  State  (by  omitting  some  of  the  foundations, 
replacing  steel  girders  with  chestnut,  and  white  oak  plank  with  red  oak, 
etc.)  and  built  the  bridge  in  the  winter  and  spring  of  1906-OT.  In 
October,  IDOT,  an  inspection  revealed  the  fact  that  one  of  the  piers  had 
already  sunk  on  one  end  and  the  lumber  was  showing  signs  of  decay.  It 
is  understood  that  the  first  cost  to  tlie  countv  was  actuallv  about  $5000, 
not  counting  subsequent  repairs. 

In  Prince  George's  County,  the  road  authorities  applied  for  State  aid 
on  a  portion  of  Central  Avenue  near  the  District  Line.  In  response, 
plans  and  specifications  were  prepared  by  the  State  and  bids  on  them 
were  asked  bv  the  countv.  A  reasonable  bid  was  received,  and  the  countv 
authorities  were  advised  that  their  execution  of  the  contract  would  be 
approved  by  the  State.  When  the  signed  contract  was  returned  to  this 
office,  however,  it  was  found  that  in  executing  the  same,  a  change  had 
been  made  in  the  specifications  so  as  to  permit  tiio  use  of  gravel  from  a 
certain  bank  instead,  as  originally  provided,  gravel  with  certain  cliar- 
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acteristics.  The  county  authorities  were  at  once  notified  that  the  State's 
approval  of  this  action  was  refused  on  the  grounds  that  not  only  was 
such  action  unfair  to  other  bidders,  but  also  that,  under  the  modified 
specifications,  proper  protection  against  the  use  of  inferior  material  could 
not  be  guaranteed  the  county^  notwithstanding  the  apparent  good  quali^ 
of  the  gravel  exposed  in  the  deposits  named.  The  county  authoritieB 
thereupon  decided  to  carry  on  the  work  independently  of  the  State^  and, 
at  their  request,  this  office  has  furnished  them  with  the  plans,  stakeSi 
etc.,  necessary  for  them  to  do  so. 

In  1906,  work  was  begun  on  the  Braddock  Heights  Road  in  Frederick 
County  under  an  approved  contract  for  about  one  and  one-half  miles. 
After  completing  about  one-half  mile,  according  to  the  contract,  from 
the  turnpike  southerly  to  the  turn  into  the  new  road,  the  contractors  and 
the  county  decided  to  end  the  original  contract  at  this  point  and  to  do 
any  further  work  under  modified  specifications  permitting  inferior  ma- 
terial and  methods  which  were  unacceptable  to  the  State.  The  assistance 
of  the  State  was  therefore  cut  off  at  the  point  mentioned,  except  that  the 
plans  furnished  by  the  State  were  used  in  the  additional  work  on  this 
road. 

Among  the  roads  for  which  Baltimore  County  requested  State  aid 
was  Belvedere  Avenue  between  Park  Heights  Avenue  and  the  Reisters- 
town  Turnpike.  Owing  to  the  large  amount  of  purely  local  travel  over 
this  particular  piece  of  road,  the  county  was  advised  that  while  the  inter- 
ests of  the  State  as  a  whole  seemed,  perhaps,  to  justify  this  Commission 
in  the  approval  of  the  application  of  the  county  for  State  aid  on  this 
section  of  road  and  the  contribution  by  the  State  of  one-half  the  cost  of 
not  only  the  standard  14-foot  macadam,  but  also  one-half  the  cost  of 
proper  grading  and  draining  of  the  road  to  a  maximum  width  of  60  feet, 
they  did  not  warrant  the  rendering  of  assistance  to  a  larger  amount. 
It  was  then  recommended  that  the  county  itself,  in  order  to  reduce  to 
the  minimum  what  would  otherwise  be  an  excessive  annual  maintenance 
expense,  increase  the  width  of  the  macadam  to  a  maximum  of  24  feet.    It 
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was  estimated  that  the  proper  cost  of  carrying  out  the  plans  thus  recom- 
mended would  be  about  $8400,  and  that  the  State  was  justified  in  con- 
tributing $2900  of  this  amount.  This  arrangement  was  unsatisfactory 
to  the  county  authorities,  who  asked  that  the  cost  be  shared  equally  by 
the  State  and  county.  This  Commission  has  not  felt,  after  careful  con- 
sideration of  the  principles  underlying  the  State  Aid  Law,  the  financial 
condition  of  the  State,  the  interests  of  the  general  public,  and  the 
particular  local  interests  concerned  with  this  improvement,  that  it 
would  be  justified  in  responding  to  the  demands  of  the  county  authorities. 
The  latter  have,  therefore,  arranged  for  some  work  on  this  road  at  their 
own  expense,  and  this  office,  at  the  request  of  the  County  Roads  Engineer, 
has  gladly  furnished  the  county  wnth  the  plans  and  information  neces- 
sary for  their  work. 

A  section  of  Boyce  Avenue  about  3500  feot  long,  beginning  at  the 
westerly  end  of  the  same  has  been  improved  under  the  State  Aid  I^aw. 
In  the  absence  of  satisfactory  bids  for  this  work,  the  regular  county 
forces  have  carried  it  on.  Notwithstanding  most  unfavorable  conditions 
of  all  kinds,  and  in  spite  of  the  quite  prevalent  opinion  regarding  the 
inefficiency  of  labor  employed  in  county  work,  the  cost  has  been  less  than 
80  per  cent  of  the  lowest  figure  bid.  As  the  extension  of  this  improve- 
ment to  Charles  Street  seemed  likely  in  the  near  future,  and  as  some 
grading  on  Charles  Street  near  the  junction  was  in  progress  at  this  time, 
this  office,  at  the  request  of  the  County  Eoads  Engineer,  submitted  a  plan 
for  the  grading  at  this  time  of  the  easterly  end  of  Boyce  Avenue  near 
the  Charles  Street  intersection  so  that  unnecessary  expense  might  be 
avoided  in  the  future.  So  far,  however,  the  county  authorities  have  not 
followed  the  plan  suggested. 

Several  of  the  more  progressive  towns  of  the  State  have  been  advised 
by  this  office  in  engineering  matters,  principally,  however,  on  points  of 
street  improvement.  Among  the  towns  thus  receiving  the  assistance  of 
this  office   are   Frederick    (with   tests   of   materials) ;   Baltimore   City 
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(tests) ;   Annapolis    (tests,   advice   and   supervision   of   work) ;   Easton 
(advice);  Salisbury  (advice). 

Other  State  commissions  have  been  supplied  with  such  advice  and 
assistance  as  this  office  has  been  able  to  render.  The  Commission  for  the 
improvement  of  the  State  House  Grounds  was  supplied  with  advice,  sur- 
veys,  plans,  supervision  of  work,  etc. ;  the  Tuberculosis  Hospital  Commis- 
sion is  now  being  furnished  assistance  by  this  office,  in  direct  manage- 
ment and  supervision  of  the  construction  of  a  road  through  its  property ; 
and  the  management  of  the  House  of  Correction  is  being  furnished  advice 
and  assistance  in  its  road  work. 

Tests  of  AIateuials. 

The  work  of  the  testing  laboratory  has  been  carried  on  as  occasion 

demanded.     No  material  is  approved  for  use  on  State-aided  roads  or 

recommended  for  use  by  the  counties  until  full  tests  have  been  made,  and 

its  value  for  road  or  other  purposes  fully  deterininod.     The  services  of 

the  laboratorv  are  in  frequent  demand  bv  the  various  countv  and  niunici- 

pal  authorities,  especially  those  of  Baltimore  City  and  the  larger  towns  of 
the  State. 

Tests  of  materials  for  various  parties  in  the  years  of  1906  and  1907 

have  been  made  as  shown  in  the  following  table : 

Baltimore  City:  Brick. 

Annex  Improvement  Commission . .       22 

City    Engineer.    Baltimore 126 

Park    Board    

Sewerage   Commission    14 

Baltimore  County  Roads  Engineer. .       13 

Caroline  County    

Carroll   County    

Frederick    County    

Howard    County    

Washington    County    

State  Road,  No.   1 1  13  1 

Miscellaneous 25  16  19  28  88 

Total   number   of  tests 200  40  19  55  314 


Stone. 

Concrete.  Cement. 

Total. 

5 

5 

3 

2 

177 

11 

2 

26 

5 

5 
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Surveys  of  State  Properties. 

The  work  of  surveying  and  mapping  the  various  properties  owned  by 
the  State,  which  was  begun  in  1904,  has  been  carried  on  as  conditions 
have  permitted.  The  demands  on  the  force  at  the  disposal  of  this  office, 
since  the  operation  of  the  State  Aid  Law  and  the  Act  providing  for  the 
improvement  of  the  Baltimore- Washington  Road,  have  been  so  nearly  up 
to  the  limit  of  work  of  this  force  that  progress  on  the  surveys  and  maps 
referred  to*  has  been  slow.  Some  have  been  completed,  but  it  has  been 
impossible  to  take  up  many  others  quite  as  important.  The  work  is  much 
needed,  and,  if  finished,  would  be  exceedingly  valuable  to  the  State,  but 
if  it  is  to  be  completed  in  the  near  future,  some  further  definite  appro- 
priations for  the  use  of  this  office  in  this  work  should  be  made  by  the 
General  Assembly. 

STATE  AID  TO  COUNTIES. 

(Acts  of  1904,  Chapter  225.) 
The  Highway  Division  has  been  continuously  occupied  during  the 
past  two  years  with  its  duties  under  the  so-called  **  Shoemaker  Law.'' 
As  familiarity  with  the  provisions  of  the  Act  itself  and  with  the  results 
on  the  roads  has  increased,  evidences  of  general  approval  and  satisfaction 
with  both  have  multiplied.  At  first  a  complete  understanding  of  the 
intent  and  aims  of  the  Act  was  infrequent.  This,  combined  with 
the  changed  methods  of  work,  the  considerably  higher  first  cost  of  secur- 
ing the  results  demanded,  and  the  value  of  the  unusual  results  them- 
selves, not  only  failed  to  inspire  enthusiasm  for  the  law,  but  in  many 
instances  aroused  active  opposition,  especially  from  county  officials. 
With  the  lapse  of  time  it  has  been  possible  to  demonstrate  the  value  of  a 
departure  from  the  former  loose  and  unchecked  methods  of  awarding 
contracts  for  road  work  to  more  or  less  incompetent  parties,  and  with 
little  or  no  guarantee  that  work  and  materials  paid  for  were  actually 
furnished;  furthermore,  that  the  expenditure  of  a  comparatively  large 
sum  on  a  section  of  road  did  not  necessarily  mean  that  such  was  a  waste, 
but  mighty  on  the  other  hand,  actually  prove  the  more  economical  course 
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in  the  long  run ;  that  not  only  were  results  possible  in  road  work  hitherto 
unknown  of  by  the  residents  of  a  locality;  and  that  such  high  grade 
results  were  worth  some  extra  expense  to  the  public  by  reason  of  their 
fine  appearance,  comfort,  and  utility,  not  to  mention  the  reduced  expenses 
for  repairs,  maintenance,  etc.  This  demonstration  has  been  followed  in 
most  instances  by  a  public  endorsement  of  the  work.  In  every  localil^ 
where  the  completion  of  the  improvement  of  a  section  of  road  has  been 
secured  under  the  State  Aid  Law,  a  demand  for  its  extension  has  fol- 
lowed. In  some  instances,  the  advantages  secured  by  the  fortunate 
locality,  through  which  the  improvement  runs,  have  been  so  apparent  aa 
to  cause  concerted  action  in  adjacent  neighborhoods  for  securing  on 
their  roads  some  of  the  same  kind  of  work. 

Some  opposition  to  the  work  has  come  from  parties  or  localities  which 
have  been  unable  thus  far  to  secure  the  improvement  of  their  particular 
roads.  The  selection  of  the  roads  to  be  improved  is  very  properly  left  by 
the  Act  in  the  hands  of  the  county  road  authorities,  and  consequently 
any  criticism  on  this  ground  should  be  presented  to  the  latter  and  not 
directed  against  the  Act.  Some  other  opposition  has  arisen  on  account 
of  the  cost  of  the  work  done,  though  this  has  mostly  been  either  from 
lack  of  information  or  from  misinformation  regarding  the  details.  It  is 
perfectly  true  that  the  work  done  under  the  State  Aid  Law  has  on  the 
average  required  a  much  larger  expense  per  mile  of  road  than  has  been 
customary  in  the  case  of  county  work,  but  it  is  not  true  that  the  actual 
cost  has  averaged  more  than  the  average  cost  of  similar  work  elsewhere, 
nor  in  many  cases  more  than  the  cost  of  equal  quantities  of  work  done 
by  the  counties  themselves  with  inferior  results.  It  is  imfortunately 
true,  however,  that  excessive  prices  have  frequently  been  demanded  by 
those  bidding  on  work  offered  under  the  law.  This  has  been  chiefly  due 
to  the  extraordinary  demands  tlien  existing  for  both  labor  and  materials; 
partly  to  lack  of  competition;  and  partly  to  ignorance  and  misappre- 
hensions on  the  part  of  prospective  bidders.  In  some  cases  it  has  been 
felt  best  to  agree  to  high  prices  rather  than  prevent  the  improvement 
In  others,  the  counties  have  been  induced  to  purchase  the  needed 
materials,  and  to  employ  the  necessary  labor  under  the  supervision  of 
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the  State,  with  the  result  that  in  every  case,  where  fair  management 
of  the  work  on  the  part  of  the  county  was  secured,  the  cost  was  well 
within  the  estimates.  As  one  of  the  aims  of  any  State  Aid  Law  is  to 
instruct  the  regular  county  oflBcials,  as  well  as  to  aid  financially  in  road 
improvement,  it  seems  that  the  performance  of  work  by  the  county  road 
gangs,  in  cases  where  excessive  prices  are  demanded  by  contractors,  would 
not  only  serve  to  prevent  waste  of  public  moneys  but  also  benefit  the 
forces  themselves  by  the  experience  derived  from  working  under  the 
supervision  of  the  State. 

The  results  on  the  road,  attained  under  the  supervision  of  the  State, 
compare  favorably  with  the  results  of  similar  efforts  in  other  States,  and 
are  no  finer  than  experience  has  proved  absolutely  necessary  if  economy, 
permanency,  and  the  ultimate  establishment  of  an  efficient  system  of 
improved  roads  for  a  State  are  desired.  This  is  not  a  matter  of  guess- 
work or  theory.  For  generations  the  county  officials  have  spent  annually 
on  the  roads  of  the  State  sums  running  in  1904  to  nearly  three-quarters 
of  a  million  dollars.  Yet  there  has  been  and  is  daily  complaint  about  the 
condition  of  the  public  roads  in  general.  Another  State  has  for  ten  years 
spent,  along  lines  and  methods  identical  with  those  of  the  recent  work 
under  the  "  Shoemaker  Law,"  less  than  $500,000  annually  for  that  period 
and  secured  results  which  have  advertised  that  State  all  over  the  country 
as  a  State  where  all  the  roads  are  fine.  The  old  methods  and  systems 
have  had  a  sufficient  trial  to  prove  them  unbusincss-like,  extravagant,  and 
unsatisfactory  in  results.  And  the  only  favorable  results  anywhere  in 
evidence  to-day  are  those  secured  in  a  comparatively  short  time  under 
the  new  methods  and  laws.  Naturally,  perhaps,  some  antagonism  to 
the  new  methods,  and  to  the  necessary  interference  with  their  formerly 
unlimited  and  unchecked  authority,  has  appeared  to  exist  in  the  attitude 
of  some  county  officials.  In  one  or  two  cases  this  opposition  has  been 
carried  to  extremes.  It  is  felt,  however,  that  such  opposition  cannot  last 
and  that  the  public  interests  will  soon  outweigh  any  personal  consid- 
erations. 

One  question  worthy  of  serious  consideration  has  arisen  in  connection 
with  the  work  under  the  State  Aid  Law,  and  has  quite  likely  had  some 
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effect  in  decreasing  the  results  under  it.  The  Act  requires  the  improve- 
ment to  be  completed  and  paid  for  in  full  by  the  county  before  any  money 
is  paid  to  the  county  by  the  State.  After  careful  study  of  this  matter, 
it  is  not  yet  clear  how,  with  due  regard  for  all  existing  conditions  and 
proper  protection  of  the  State  itself,  any  other  solution  of  the  problem 
of  securing  the  necessary  cash  funds  for  this  work  can  be  offered,  than  by 
the  raising  of  the  cash  by  the  counties  themselves.  It  may  be  done  either 
by  an  increase  in  the  annual  tax  rate  or  by  a  bond  issue. 

Already  one  or  two  of  the  counties  have  met  the  question  squarely  and 
in  a  progressive  manner  and  the  results  seem  to  be  approved.  Some  of 
the  richer  counties  have  aimuallv  set  aside  a  fund  from  the  tax  levies  for 
permanent  improvements.  Others  have  borrowed  the  cash  necessary  for 
the  purpose,  and  set  aside  annually  enough  from  the  tax  levies  to  meet 
the  interest  and  sinking  fund  requirements  of  the  loan.  This  latter 
method  seems  to  have  the  advantage  of  securing  greater  and  quicker 
results  on  the  roads  with  less  annual  burden  to  the  taxpayers  than  any 
other  yet  practiced. 

Once  the  general  improvement  of  the  main  roads  of  a  State  is  com- 
pleted, experience  has  proved  it  entirely  possible  to  maintain  them  indefi- 
nitely in  this  condition,  by  intelligent  and  honest  work,  within  a  reason- 
able annual  tax  levy.  And  it  would  seem  that  with  a  contribution  from 
the  State  treasury  of  one-half  the  first  cost,  to  say  nothing  of  private 
contributions,  the  counties  of  Maryland  ought  to  be  able  to  raise  the 
balance  with  ease. 

One  of  the  most  valuable  features  of  the  present  State  Aid  Law  is  edu- 
cational. Whatever  hazy  ideas  may  have  been  held  by  any  individual  or 
the  public  regarding  the  characteristics  of  a  modern  "good  road,"  or 
however  wanting  these  ideas  may  liave  been,  the  construction  under  this 
law  of  short  or  long  sections  of  modern  road  throughout  the  State  has 
had  a  powerful  influence  toward  general  road  improvement.  Until 
recently  only  a  comparatively  small  proportion  of  the  residents  of  the 
State  were  familiar  with  modern  highway  work  and  scarcely  any  were 
familiar  with  its  economies,  and  an  engineer  was  an  unnecessary  luxury 
in  roadwork,  if  not  a  positive  evil  to  be  avoided.    This  state  of  affairs  has 
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materially  changed  in  tlie  past  few  years.  Another  county  (Somerset) 
has  joined  with  Allegany,  Baltimore,  Caroline,  and  Prince  George's  in 
employing  a  roads  engineer.  As  above  stated,  bonds  of  short  period  for 
road  improvement,  formerly  unheard  of  or  fearfully  dreaded,  have  been 
issued  by  some  counties  and  others  are  agitating  the  question. 

The  effect  of  examples  of  proper  road  construction  and  maintenance 
is  already  visible  in  the  work  done  on  the  otlier  county  roads  in  the 
localities  near  or  in  which  a  section  of  State-aided  road  has  been  built. 

When  the  next  step,  which  is  already  under  consideration,  is  taken, 
and  the  toll-gates  are  abolished,  and  main  highways  are  built  and  main- 
tained at  the  expense  of  tlie  State,  it  will  be  a  direct  result  of  the  educa- 
tional influences  of  Chapter  225,  Acts  of  1904. 

STATE  ROAD  NO.  1. 

(Acts  of  1906,  Chapter  312.) 

The  precedent  for  the  State's  assuming  directly  the  expense  and 
responsibility  of  a  through  road  between  important  points  was  established 
in  the  so-called  "  Hill  Law,^'  which  provided  for  the  improvement  of  the 
old  Baltimore-Washington  Turnpike,  sometime  ago  abandoned  as  a  toll- 
road.  The  condition  of  the  road  had  been  steadily  growing  worse,  and 
the  Act  appropriated  the  sum  of  $30,000  annually  for  the  years  1906, 
1907,  and  1908  toward  its  improvement,  with  the  provision  that  as  the 
State  took  hold  of  a  section,  it  thereupon  passed  from  the  county  or  town 
into  the  direct  control  of  the  State  authorities. 

Realizing  that  the  total  appropriation  carried  by  the  Act  would  be 
insufficient  to  complete  the  improvement  of  the  whole  of  the  30  miles  of 
the  road,  especially  in  view  of  the  desirability  of  abolishing,  if  possible, 
all  seven  of  the  present  dangerous  steam-railway  grade-crossings,  this 
Commission  felt  that  the  public  interest  would  be  best  served  by  the 
expenditure  of  the  appropriations  on  those  sections  then  in  the  worst 
condition,  and  on  which  no  questions  of  change  in  permanent  location 
had  arisen  or  seemed  likely  to  come  up. 

It  was  clear  from  the  language  of  the  Act  that  substantial  work  was 
called  for  and  an  attempt  has  been  made  to  secure  modern  and  thorougli 
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work  at  the  least  possible  cost  compatible  with  its  importance.  It  is 
understood  that  the  results  on  the  road  are  satisfactory  to  those  familiar 
with  them.  If  the  work  of  improving  this  road  is  to  be  completed  between 
the  limits  of  Baltimore  City  and  the  District  of  Columbia,  the  further 
appropriation  of  not  less  than  $150,000  will  be  necessary. 

The  bill  to  provide  for  this  work  was  introduced  in  the  House  January 
23,  1906,  was  passed  by  that  body  March  27,  by  the  Senate  on  March  31, 
and  received  the  signature  of  the  Grovemor  April  2.    It  is  as  follows : 

LAWS  OF  MARYLAND 
ACTS  OP  1906 

Chapter  816 

AN  ACT  TO  Pbovide  fob  the  Construction  of  a  State  Road  ob  Highway  through 
Pbincb  Geoboe's,  Howabd.  and  Baltiuobe  Counties,  fbom  Washington,  D.  C, 
to  Baltimore,  BIabyland. 

Whereas,  A  public  sentiment  exists  in  favor  of  the  construction  of  permanent  public 
highways  in  and  through  the  State  of  Maryland,  with  a  view  to  have  the  people  of  the 
State  to  emulate  the  example  of  other  States  in  this  respect,  and 

Whereas,  The  most  available  points  to  build  such  a  highway  as  an  object  lesson  Is 
between  Washington  and  Baltimore ;  and 

Whereas,  Initial  proceedings  in  respect  of  such  woric  have  been  instituted  by  the 
enactment  of  Chapter  51  of  the  Acts  of  1806,  and  of  Chapter  434  of  the  Acts  of  1808, 
and  225  of  the  Acts  of  1904,  creating  and  defining  the  duties  and  powers  of  the  "  State 
Geological  and  Economic  Survey  Commission  " ;  therefore 

Section  1.  Be  it  enacted.  That  a  public  highway,  to  be  Icnown  as  State  road  No.  1, 
be  and  the  same  shall  be  constructed  between  the  cities  of  Washington  and  Baltimore, 
the  course  of  which,  as  near  as  practicable,  shall  be  along  the  route  of  the  old  Balti- 
more and  Washington  road,  the  bed  of  which,  so  far  as  the  same  Is  vested  in  the  State 
or  the  several  counties  through  which  It  passes,  Is  hereby  dedicated  by  way  of  easement 
or  fee  simple,  as  the  case  may  be,  to  the  public  use. 

Sec.  2.  The  building,  grading,  and  construction  of  said  road  shall  be  under  the 
direction  and  control  of  the  State  geological  and  economic  survey  commission,  but  It 
shall  in  no  place  be  less  than  thirty  feet  nor  more  than  sixty  feet  In  width ;  and 
wherever  the  said  road  as  hereinbefore  laid  down  by  said  commission  shall  pass  through 
any  incorporated  towns,  unless  the  said  towns  shall  grant  an  easement  therefor  over 
a  street  or  streets  to  said  commission  (as  representatives  of  the  State),  the  said 
commission  is  hereby  authorized  and  directed  to  divert  the  same  so  that  it  may  pass 
around  such  town  as  may  refuse  to  grant  such  an  easement  as  aforesaid. 

Sec.  3.  Whenever  it  shall  become  necessary  from  any  cause  to  acquire  any  lands 
for  the  purpose  of  constructing  said  road  which  cannot  be  acquired  by  purchase  or  grant, 
the  said  commission  is  hereby  clothed  with  power  to  condemn,  under  the  right  of 
eminent  domain,  as  now  conferred  on  railroad  or  railway  companies  by  Article  23  of  the 
Code  of  Public  General  Laws,  title  "  Corporations,*'  or  as  may  be  conferred  on  such 
corporations  by  any  amendment  to  said  Article  23 ;  this  right  of  condemnation  to  apply 
to  gravel  pits  or  quarries  as  well  as  to  land,  and  whenever  it  shall  be  necessary  to  cross 
any  streams  the  bridges  over  the  same  shall  be  constructed  of  permanent  materials  and 
in  a  modern  manner. 

Sec.  4.  Whenever  any  railroad  or  railway  company  hereafter  constructed  shall  cross 
said  road  it  shall  be  required  to  keep  its  own  roadbed  and  the  bed  of  the  said  highway 
In  proper  repair  or  else  to  have  constructed  an  overhead  or  undergrade  crossing  subject 
to  the  approval  of  the  said  commission  or  in  conformity  to  the  provisions  of  Article  28 
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of  the  Code  of  General  Public  Laws  as  to  crossings  of  railroad  companies  In  regard  to 
flagmen  and  electric  bells ;  and  the  tracks  of  such  railroads  or  railways  shall  be  so 
constructed  as  to  give  absolutely  safe  and  easy  approach  to  and  crossing  thereof;  and 
in  case  of  failure  so  to  construct,  the  said  commission  shall  construct  the  same,  and 
upon  certification  of  such  construction  and  the  cost  thereof,  after  due  notification  to 
such  company  to  construct  and  Its  failure  so  to  do  the  cost  thereof  shall  ea  parte  be 
rendered  a  Judgment  against  such  company  by  any  Justice  of  the  peace  in  such  counties 
before  whom  such  proceedings  shall  have  been  instituted. 

Sec.  5.  For  the  purpose  of  building  and  constructing  and  maintaining  said  road  or 
highway,  the  said  commission  is  hereby  authorized  and  directed  to  make  requisition  on 
the  directors  of  the  Maryland  House  of  Correction  for  as  many  inmates  thereof  as  may 
be  necessary  for  the  said  purpose  of  building  and  constructing  such  highway,  and  the 
said  directors  are  hereby  directed  to  furnish  the  same  with  such  guards  or  keepers  as 
can  be  spared  from  their  duties  at  said  House  of  Correction,  and  any  additional  guards 
or  keepers  necessary  to  the  safe  keeping  of  said  inmates  shall  be  furnished  and  appointed 
by  said  commission.  The  said  commission  shall,  in  conjunction  with  the  aforesaid  board 
of  directors  of  the  House  of  Correction,  provide  for  the  maintenance  and  safekeeping 
of  said  Inmates  of  the  House  of  Correction. 

Sec.  6.  For  the  purpose  of  carrying  out  the  provisions  of  this  Act  the  sum  of 
thirty  thousand  dollars  Is  hereby  appropriated  out  of  any  moneys  in  the  treasury  not 
otherwise  appropriated,  to  be  used  during  the  current  year  of  1906,  and  are  to  be  paid 
by  the  warrant  of  the  Comptroller  on  the  Treasurer  upon  certificate  of  the  said  com- 
mission, as  directed  by  them ;  and  the  further  sums  of  thirty  thousand  dollars  each 
annually  for  the  fiscal  years  of  1907  and  1908  be  and  the  same  is  hereby  appropriated 
for  this  purpose. 

Sec.  7.  And  the  said  commission  is  hereby  authorized  to  purchase  such  machinery, 
teams,  implements,  and  materials,  and  employ  such  assistants  as  may  be  necessary  to 
the  proper  construction  of  said  road  or  highway  out  of  the  sums  appropriated  by 
Section  6  of  this  Act,  and  use  the  same  in  the  construction  of  said  road  or  highway, 
and  after  its  completion  the  same  shall  be  and  remain  as  the  property  of  the  State  of 
Maryland. 

Sec.  8.  And  he  it  enacted.  That  this  Act  shall  take  efl!ect  from  the  date  of  Its 
passage. 

Approved  April  B,  1906. 

GENERAL  AND  SPECIAL  CONSIDERATIONS. 
Map  and  Suggested  System  of  Main  Roads. 

Not  by  any  means  the  least  of  the  work  of  this  department  during 
the  past  year  has  been  that  of  getting  out  a  new  road  map  of  the  State. 
Up  to  the  issue  of  this  map,  not  only  was  there  no  reasonably  accurate 
road  map  of  the  entire  State  to  be  found,  but  nothing  covering  the  whole 
State  had  ever  been  issued  giving  such  special  information.  The  new 
map,  in  addition  to  a  great  deal  of  other  information,  shows  all  the  public 
roads  of  the  State.  It  is  based  upon  the  present  topographical  survey, 
now  nearing  completion,  conducted  jointly  by  the  United  States  Geologi- 
cal Survey  and  this  Commission.  The  Survey  has  not  yet  covered  certain 
portions  of  the  State,  especially  those  represented  in  the  northern  central 
portion  of  the  present  map,  which  is  compiled  from  the  best  information 
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obtainable  and  can  be  corrected  as  the  later  data  are  secured  from  the 
surveys  now  in  progress. 

The  map  shows  a  suggested  system  of  improved  roads  built  according 
to  modern  ideas,  and  clearly  shows  the  benefit  which  such  a  system 
would  be  to  the  entire  State.  Such  a  system  is  undoubtedly  the  ulti- 
mate  intention  of  the  law  providing  for  State  Aid.  The  details  of  the 
system  suggested  are  by  no  means  final  or  incapable  of  improvement, 
and  it  is  hoped  that  a  careful  consideration  of  the  suggested  system  will 
result  in  its  modification  until  it  becomes  the  best  possible  that  can  be 
secured.  There  are  also  shown  in  connection  with  this  road  system, 
the  pieces  of  road  already  completed  under  the  "  Shoemaker  Law."  It 
will  be  noted  that  here  and  there  a  section  of  road  is  shown  as  completed, 
which  is  not  a  part  of  the  suggested  system.  This  fact  may  come  from 
incorrect  judgment  in  the  system  suggested,  or  it  may  be  due  to  the 
liberal  attitude  adopted  by  this  Commission  up  to  the  present  time. 
Many  applications  have  come  in  for  aid  on  roads  when  it  was  not  clearly 
apparent  that  the  road  named  would  form  part  of  any  such  system  as  is 
here  proposed.  Still,  in  view  of  the  fact  that  the  law  embraced  in  its 
aims  not  only  a  system  of  roads  but  also  the  equally  great  object — namely, 
the  education,  by  demonstration,  of  the  masses  of  the  people  of  the  State 
of  the  characteristics  and  value  of  roads  constructed  according  to  modern 
ideas — the  Commission  has  felt  that  as  long  as  no  county  would  be 
deprived  of  any  State  aid  on  roads  clearly  forming  a  part  of  a  State 
system,  they  should  consider  all  applications.  Since  the  roads  not  so 
evidently  a  portion  of  the  system  are  still  important  enough  to  warrant 
considerable  expense  for  their  improvement  on  the  part  of  the  county, 
the  Commission  has  deemed  it  wise  to  respond,  at  least  during  tlie  first 
few  years  of  the  work,  to  the  requests  for  aid  on  these  accessor v  roads  in 
order  to  fulfill  the  educational  intent  of  the  law. 

Limit  to  State  Aid. 

In  order  to  avoid  falling  into  the  error  of  embarrassing  the  county 
authorities,  or  of  spending  extravagantly  the  money  of  the  State  for 
purely  local  improvement,  the  Commission  has  been  obliged  to  adopt  a 
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maximum  limit  to  the  aid  which  the  State  will  give  to  the  improvement 
of  any  particular  road.  The  interest  of  the  State  at  large  in  any  road 
is  no  more  than  the  demands  of  the  general  public  on  that  road,  and  in 
the  term  "general  public"  is  included  not  merely  the  interests  of  the 
abutters  and  the  purely  local  traffic,  but  the  traffic  that  may  come  from 
a  considerable  distance,  and  possibly  even  from  outside  the  State.  The 
Commission  has  therefore  adopted  a  standard  width  for  the  macadam 
surfacing  which  will  answer  all  the  demands  of  the  general  public.  Any 
demand  for  a  macadam  wider  than  the  State  standard  is  due  to  the 
requirements  of  the  local  traffic,  and  the  expense  of  meeting  it  should  be 
paid  by  the  locality. 

The  neglect  to  establish  such  a  maximum,  representing  the  interests  of 
the  State  at  large  in  the  improvement  of  a  road,  would  result  in  the 
expenditure  of  the  money  of  the  State  and  county  for  local  developments, 
and  in  those  sections  best  able  to  raise  the  funds  for  road  improvement. 
The  whole  idea  of  State  aid  is  quite  the  contrary  to  such  development 
of  favored  localities,  and  it  is  to  be  regretted  that,  even  under  the  rulings 
of  this  Commission,  more  work  has  not  been  done  by  some  of  the  counties 
farther  away  from  the  centers,  where  the  aid  is  more  needed,  and  the 
results  of  the  improvement  would  be  more  effective. 

Misunderstanding  of  Object  and  Operations  of  the  State  Aid  Law. 
A  great  deal  of  misinformation  concerning  the  aims,  operations,  and 
results  of  the  State  Aid  Law  is  extant.  Some  seem  to  think  that  the 
object  of  the  law  is  to  secure  the  macadamizing  of  each  of  the  16,000 
miles  of  public  road  in  the  State  at  the  joint  expense  of  the  State  and 
county,  and  at  the  cost  of  from  $5000  to  $G000  per  mile.  It  niay  be 
clearly  stated  that  such  is  not  the  intention  of  tlie  law  or  of  any  other 
State  aid  law  that  has  ever  been  passed.  In  some  cases,  other  States  have 
expressed  in  their  laws  that  it  was  the  intention  of  such  laws  to  provide 
for  a  system  of  good  roads  through  the  State  in  question.  Such  was 
evidently  the  intention  of  this  State — that  a  system  of  main  roads  should 
be  improved  by  the  State  and  counties  acting  together.  This  syst^Mn 
would  probably  keep  pace  with  the  growth  of  the  State,  and  would,  of 
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course,  be  capable  of  extension  as  the  resources  of  the  State  increased. 
The  effect  of  such  a  system  of  good  main  roads  would  be  double.  The 
roads  themselves  would  exist  for  the  convenience  of  their  use,  and  their 
very  existence  could  but  improve,  by  the  force  of  their  example,  the 
tributary  roads  built  and  maintained  by  the  local  authorities. 

One  frequently  hears  that  Massachusetts  is  a  State  of  good  roads.  As 
a  matter  of  fact,  out  of  perhaps  some  18,000  miles  of  public  county  roads 
in  that  State,  less  than  1400  miles  have  been  macadamized,  the  average 
cost  being  approximately  $7000  per  mile.  However,  the  selection  of  the 
roads  to  be  improved  has  been  made  with  such  good  judgment  that  a 
system  of  fine  roads  meeting  the  demands  of  the  average  traveller,  has 
been  secured,  and  the  resulting  impression  of  the  visitor  is  that  all 
the  roads  are  fine.  The  same  state  of  affairs  exists  in  New  Jersey,  Con- 
necticut, and  many  other  places,  and  it  is  hoped  by  this  oflBce  that  it  may 
soon  begin  to  appear  in  Maryland. 

The  operations  of  the  law  are  also  not  yet  fully  understood.  The 
$200,000  set  aside  for  the  improvement  of  highways  comes  from  the 
general  revenlies  of  the  State.  As  this  fact  becomes  more  widely  known, 
there  will  undoubtedly  be  a  wider  appreciation  of  the  present  Act  and  a 
better  recognition  of  the  State's  interest  in  supervising  the  expenditure 
of  this  appropriation.  Some  citizens  still  believe  that  the  State  appro- 
priation for  this  purpose  is  raised  by  direct  taxation,  and  that  a  portion 
of  the  present  State  tax  of  16  cents  is  levied  to  make  up  the  amount 
expended  under  this  law.    Such  is  not  the  case.  » 

We  find  that  there  are  localities  where  it  is  still  believed  that  contribu- 
tions from  abutting  property  owners  must  be  made  in  order  to  secure 
State  aid.  Of  course,  inaction  on  the  part  of  the  Coimty  Commis- 
sioners could  readily  bring  about  this  state  of  affairs,  but  the  clause  of 
the  State  Aid  Law  on  this  point  contains  nothing  obligatory  to  the  prop- 
erty owners. 

Difficulties  and  Delays  Met  With. 
The  actual  methods  of  conducting  the  work  on  the  road  are  generally 
the  subject  of  considerable  criticism,  especially  where  they  are  in  opera- 
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tion  for  the  first  time  in  a  locality.  As  the  results,  however,  become 
apparent,  and  as  familiarity  with  the  methods  increase,  the  criticisms 
usually  disappear. 

One  great  source  of  complaint  has  been  due  to  the  length  of  time  that 
the  travel  over  the  road  being  improved  was  inconvenienced  by  the  prog- 
ress of  the  improvement,  and  sometimes  these  complaints  have  been 
justified.  The  weather,  of  course,  cannot  be  controlled,  and  it  must  be 
recognized  that  in  the  past  two  years,  the  amount  of  rainy  weather  and 
the  amount  of  time  in  which  the  conditions  were  unsuitable  for  road  work 
has  been  unusually  large.  In  addition,  it  has  been  difficult  in  many 
cases  to  secure  the  prompt  delivery  of  material.  Considerable  improve- 
ment in  the  conduct  of  the  work  is  possible,  however,  and  should  be  made. 
The  county  authorities  should  make  their  plans  so  far  in  advance  that 
the  work  of  any  year  can  be  started  at  the  first  possible  moment  in  the 
spring,  and  they  should  insist  on  the  completion  of  that  work  within  a 
reasonable  time. 

It  has  frequently  been  the  case  in  the  past  that  the  work  was  either 
started  so  late  in  the  year,  or  allowed  to  drag  so  slowly,  that  it  was 
unfinished  when  the  winter  season  arrived.  At  times  also,  the  unfinished 
portions  were  left  in  such  condition  that  the  road  was  a  gi*eat  deal  worse 
than  it  was  before  the  work  was  started.  Such  action  should  not  be 
permitted.  Undoubtedly,  when  bidders  for  work  were  few,  the  tempta- 
tion to  award  several  contracts  to  the  same  party,  in  order  to  strengthen 
the  prospects  of  ultimately  securing  improvement,  was  strong,  but  it 
does  not  seem  good  policy  to  award  any  one  party  more  contracts  than 
can  be  eflBciently  carried  out  by  him. 

Relations  of  Contractors,  Counties,  and  State. 

Considerable  complaint  has  reached  this  office  from  one  county  where 
two  or  three  contracts  have  been  awarded  to  the  same  party  before  any 
one  of  them  was  finished,  and  the  contractors  have  simply  torn  up  and 
kept  in  a  bad  condition  three  or  four  roads  for  the  same  length  of  time 
that  it  would  have  taken  to  have  begun  and  finished  each  one  consecu- 
tively.   This  does  not  seem  fair  to  the  users  of  the  road.    This  office  can 


56  Second  Report  on  State  Highway  Construction 

do  no  more  than  call  attention  to  the  matter,  the  responsibility  for  such 
actions  rests  entirely  with  the  county  authorities. 

The  contracts,  in  all  cases,  are  between  the  contractors  and  the  county. 
The  State,  through  this  office,  is  simply  a  referee  in  such  contracts,  in 
the  same  position  as  is  an  architect  between  the  owners  and  the  builder 

of  a  house.    The  State  draws  the  specifications,  as  the  law  provides,  and 

* 

submits  them  and  the  plans  to  the  county.  If  the  county  objects  to  any 
provisions,  they  have  the  absolute  right  to  make  known  their  objections 
and  to  discuss  the  matter  with  the  State  authorities.  Should  an  agree- 
ment be  beyond  reach,  there  is  no  obligation  on  the  part  of  the  county 
to  proceed  further,  and  the  responsibility  for  the  disagreement  must  rest 
with  the  State  authorities,  unless  the  county  autliorities  can  be  clearly 
shown  to  be  at  fault.  When,  however,  the  specifications  and  plans  are 
once  approved  by  the  county  and  the  contract  entered  into  for  the  per- 
formance of  the  work,  the  county  authorities  are  the  parties  in  charge, 
and  it  should  be  clearly  so  understood  for  the  benefit  of  all  concerned. 

Cost  of  Work. 

The  cost  of  the  modern  road  seemed  largo  at  first,  and  possibly  still 
does  to  many.  There  is  still  some  prejudice  against  the  expenditure  by 
the  county  of  the  average  sum  of  $2500  to  $3000  per  mile  required  from 
the  county  in  connection  with  an  equal  sum  from  the  State  under  the 
law.  As  the  results,  however,  become  more  widely  apparent,  the  opposi- 
tion decreases.  It  is  probably  more  clearly  realized  every  day  that  not 
only  are  these  results  demanded  on  the  main  roads  for  good  business 
reasons,  but  that  similar  results  could  not  be  obtained  by  the  counties 
under  their  present  system,  even  for  double  the  amount  of  money  now 
required  from  the  county.  The  records  of  the  expenditures  by  the  coun- 
ties in  the  past  are  incomplete  in  that  they  do  not,  except  in  very  occa- 
sional instances,  show  the  amounts  annually  required  to  keep  the  main 
roads,  or  any  particular  road,  of  the  county  in  fairly  satisfactory  condi- 
tion. An  instance  in  Queen  Anne's  County  was  given  in  the  last  report, 
page  369.  In  Baltimore  County,  the  records  for  the  past  six  years  can 
easily  be  made  to  give  approximately,  at  least,  the  cost  of  maintaining 
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the  different  roads  of  the  county,  though  the  division  into  sections  may 
be  impossible.  In  every  case,  where  the  figures  arc  obtainable  they  fully 
show  that  the  expense  to  the  county  of  improving  its  main  roads  under 
the  State  Aid  Law  is  not  only  not  excessive,  but  is,  on  the  other  hand,  a 
splendid  business  investment. 

The  following  figures  are  taken  from  the  annual  report  of  the  Roads 
Engineer  of  Baltimore  County,  and  show  the  value  of  the  investment 
recently  made  by  that  county  on  Wilkens  Avenue,  which  is  an  impor- 
tant road  leading  from  Baltimore  City  to  Catonsville : 

In  1901,  1902,  and  1903,  when  the  figures  were  published  for  the  first 
time,  the  county  spent  $2201.88  for  labor  and  material  on  this  road, 
which  is  3.69  miles  long,  or  an  average  of  about  $200  per  mile  per  annum. 

Since  the  cost  of  maintaining  this  road,  after  it  has  been  once  put  in 
shape  according  to  modern  methods,  can  be  reduced  to  $60  per  mile  per 
annum,  it  will  readily  be  seen  that  an  expenditure  of  fully  $2500  per 
mile,  including  consideration  of  interest  and  sinking  fund  charges,  is 
warranted,  as  the  life  of  such  a  road,  properly  maintained,  may  be  esti- 
mated conservatively  to  be  20  years.  As  a  matter  of  fact,  such  an  expen- 
diture per  mile  on  the  part  of  the  county  was  not  required,  the  actual 
cost  per  mile  to  the  county  of  improving  this  road  under  State  aid  having 
averaged  $1700  per  mile. 

Scarcity  op  Contractors  and  Equipment. 

During  the  past  two  years,  considerable  trouble  has  been  experienced 
not  only  in  securing  contractors  to  do  the  work  and  in  showing  the  con- 
tractors available  how  to  do  it,  but  also  with  the  weather  conditions  which 
have  greatly  interfered  with  the  work.  The  enonnous  amount  of  work 
offered  to  contractors  in  this  section,  especially  since  tlic  Baltimore  fire, 
both  in  the  line  of  railroad  work  and  in  the  cities  of  Baltimore  and  Wash- 
ington, has  reduced  the  number  of  parties  equipped  and  competent  to  bid 
on  the  road-work,  so  that  but  little  competition  has  existed.  Lately,  con- 
ditions have  changed  somewhat  and  more  competition  seems  probable. 
Undoubtedly  the  lack  of  competition  has  also  resulted  in  higher  prices 
being  bid  for  the  work  than  is  absolutely  necessary.    An  instance  of  this. 


58  Second  Eeport  on  State  Highway  Construction 

occturing  in  Baltimore  City,  may  be  cited.  In  the  spring,  but  two  or 
three  firms  bid  on  the  macadamizing  of  city  streets,  and  the  prices  bid 
by  these  firms  were  about  f$1.15  per  square  yard  for  6-inch  macadam.  In 
September,  however,  the  city  opejied  bids  on  additional  work,  and  there 
were  not  only  half  a  dozen  bidders,  but  the  prices  bid  dropped  to  atK>ut 
$0.75  per  square  yard. 

Some  of  the  contractors,  who  attempted  State  aid  work  have  been 
without  previous  experience,  and,  except  for  their  intentions  to  perform 
the  contract  as  eflBciently  as  possible,  were  free  from  preconceived  ideas 
as  to  the  value  of  the  specifications,  or  as  to  the  modern  methods  of  road 
work.  All  of  these  parties,  where  a  reasonable  amount  of  executive 
ability  has  been  displayed,  have  had  but  little  trouble  in  performing  the 
work  as  promptly  and  ^satisfactorily  as  the  weather  would  permit.  On 
the  other  hand,  some  parties  have  assumed  contracts,  and  after  signing 
them  and  starting  on  the  work  have  questioned  the  value  of  the  specifica- 
tions and  methods  prescribed,  attempting  to  modify  them,  with  or  with- 
out the  approval  of  this  ofl&ce,  and  in  the  whole  conduct  of  their  opera- 
tions have  required  the  State  authorities  to  exert  pressure  in  order  to  get 
them  to  complete  their  work.  Of  course,  there  could  be  but  one  outcome. 
The  work  had  to  be  finished,  and  in  the  manner  prescribed  by  the  con- 
tract. Work  improperly  done  had  to  be  done  over  again  by  the  contractor 
at  his  own  expense,  and  such  parties  have  found  the  ultimate  cost  far 
greater  to  them  than  they  expected,  and  the  profits  correspondingly 
diminished. 

The  weather  conditions  during  the  past  two  years  have  been  very  much 
against  road  building,  and  an  excessive  amount  of  rain  has  prevailed  each 
year  during  the  season  usually  most  available  for  road-work.  Not  only 
has  the  amount  of  rainfall  been  excessive,  but  its  frequency  has  been  such 
as  to  cause  serious  interference  with  the  work.  The  broken  stone  cannot 
be  successfully  placed  on  a  muddy  sub-grade  if  any  effort  is  made  to  keep 
the  quantity  of  stone  used  near  the  minimum  necessary.  Even  a  casual 
consideration  of  the  nature  of  the  soil  so  prevalent  on  the  Western  Shore 
of  Maryland,  especially  in  such  a  county  as  Montgomery,  where  a  great 
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deal  of  work  has  been  attempted,  will  show  how  even  a  little  rain  falling 
each  day  can  prevent  for  weeks  any  road  operations  of  this  character. 

Preliminary  Estimates  of  Cost. 

Ordinarily,  preliminary  estimates  of  the  probable  cost  of  work  should, 
for  many  reasons,  be  liberal,  and  it  has  been  the  intention  of  this  office 
to  make  its  estimates  just  as  liberal  as  its  duties  to  the  State  would  permit. 
By  comparison  with  similar  estimates  in  other  places,  we  have  been  con- 
vinced that  our  estimates  have  been  fully  as  liberal  as  conditions  war- 
ranted. In  most  cases,  where  the  counties  themselves  have  done  the  work, 
the  cost  has  been  within  the  estimate,  or  the  reasons  for  the  excess  have 
been  plainly  shown  not  to  have  been  the  fault  of  the  estimate  of  the  State 
authorities.  Some  contractors  have  repeatedly  taken  the  work  within 
the  estimated  figures  and  have  found  that  their  prices  were  entirely  satis- 
factory to  themselves.  A  number  of  contractors  have  done  the  work  at 
prices  within  the  estimates  and  have  expressed  themselves  as  dissatisfied 
with  the  results,  and  others  have  refused  to  take  the  work  within  the 
estimated  figures.  This  office  has  carefully  investigated  all  these  latter 
instances  and  is  convinced  that  any  dissatisfaction  of  contractors,  who 
have  taken  the  work  within  the  estimated  figures,  is  not  due  to  any  fault 
of  the  state  or  county  authorities,  but  to  other  conditions  over  which  they 
had  no  control.  The  failure  to  secure  bids  in  some  instances  is  argued 
by  some  as  conclusive  evidence  that  the  estimates  of  this  office  are  too 
low  or  that  the  requirements  of  its  specifications  are  too  rigid  and 
impracticable. 

Criticism,  to  be  effective,  must  either  be  plainly  reasonable  or  come 
from  authoritative  sources.  Miscellaneous  condemnation,  arising  from 
ignorance,  should  not  be  mistaken  for  intelligent  criticism.  The  State's 
estimates  have  been  proved  in  every  possible  way  liberal.  As  to  lower- 
ing the  requirements  of  the  specifications,  this  office  believes  that  the 
standards  of  New  Jersey,  Pennsylvania,  Connecticut,  Virginia,  Ohio, 
and  other  States,  are  none  too  good  for  Maryland.    Its  specifications  are 
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no  more  strict  than  those  of  any  locality  doing  modem  work,  and,  in 
most  details,  can  be  compared  with  the  standard  specifications  of  those 
other  States.  If  inferior  methods,  such  as  are  prevalent  in  many  parts 
of  the  country  are  to  be  followed,  then  no  call  for  State  aid  exists,  and 
the  State  Department  should  be  advisory  alone.  As  the  Commissioner  for 
Ohio  says,  "  The  methods  of  road  construction  can  but  advance,  and  the 
best  method  of  construction  in  one  decade  may  be  antiquated  in  the  next. 
The  State  Department  may  follow  methods  that  will  soon  be  considered 
obsolete,  but  should  not  be  willing  to  follow  any  other  plan  than  to  stand 
in  the  van  of  best  methods  and  be  a  pioneer  in  the  progress  of  the  best 
and  most  improved  construction."  So  fully  is  the  writer  convinced  of 
the  correctness  of  his  conclusions  that  "  he  does  not  propose  to  sanction 
the  construction  of  roads  other  than  conforming  to  modem  principles  of 
road  building."  Further,  this  same  writer  "  does  not  believe  it  is  the 
province  of  a  State  Department  to  encourage  poor  methods  of  road  con- 
struction, but  rather  set  a  high  standard  for  the  local  authorities."  This 
oflSce  concurs  with  the  above  quotations. 

The  Situation  in  Frederick  County. 

Considerable  publicity  having  been  given  to  various  phases  of  the  work 
under  the  State  Aid  Act  in  Frederick  County,  it  may  be  advisable  to 
state,  as  briefly  as  possible,  the  facts  concerning  it. 

In  1905,  this  office,  in  response  to  a  request  received  from  the  County 
Commissioners  of  Frederick  County  prepared  plans  for  the  improvement 
of  the  road  leading  from  the  turnpike  at  New  Market  through  Monrovia 
for  a  distance  of  about  I14  miles.  The  plans  and  estimate  were  sub- 
mitted to  the  County  Commissioners,  who  thereupon  advertised  for  bids 
for  doing  the  work  and  awarded  a  contract  for  its  performance,  which 
was  approved  by  the  State  as  required  by  law.  The  original  estimate  of 
the  cost  of  the  work  was  $9325.00,  and  this  estimate  included  the  reduc- 
tion of  grades  from  17  per  cent  to  8  per  cent  at  a  cost  of  about  $3385.00, 
the  installation  of  a  number  of  culverts  and  drains  at  a  cost  of  about 
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$840.00,  and  tlie  macadamizing  of  the  road  at  a  cost  of  about  $6100.00. 
Shortly  after  the  commencement  of  the  work,  the  Chief  Engineer  was 
requested  by  the  County  Commissioners  to  visit  the  work,  and  on  doing 
so  was  requested  by  this  Board  to  arrange  for  the  State  to  share,  in 
addition  to  its  portion  of  the  foregoing  work,  in  the  reconstruction  of  four 
bridges,  whose  repair,  while  perhaps  not  absolutely  necessary  at  this  time, 
and  not  originally  contemplated  in  the  plans  of  the  State,  seemed,  in 
view  of  the  work  proceeding  on  the  road,  desirable  to  the  county  authori- 
ties. At  their  request,  an  estimate  was  made  of  the  total  cost  of  replac- 
ing these  wooden  and  inadequate  structures  with  permanent  concrete 
and  steel  work,  and  after  the  consent  of  the  State  to  share  the  cost  of 
this  bridge  work  had  been  granted,  the  county  authorities  ordered  the 
work  performed.  The  work  on  this  road  was  finally  completed  after  con- 
siderable delay,  and  the  total  cost,  as  per  the  final  estimate,  was  as 
follows : 

Excavation 7,106  cu.  yds.  at  |0.40 $2,842.40 

Cement  rubble  masonry 37  cu.  yds.  at    3.00 111.00 

Vitrified  clay  pipe  15  in 50   lin.  ft.   at    0.75 37.50 

18    in 48   lin.  ft.    at    1.00 48.00 

6   in.   macadam 10,133  sq.  yds.  at    0.45 4,559.85 

Extra  work,  bridge  masonry,  etc 1,506.68 


Contract  toUl    $9,105.43 

Paid  for  surveys,  plans  and  specifications 76.00 

Paid  for  printing  and  advertising 33.20 

Paid  for  incidental  expenses: 

Iron  pipe   $36.43 

To  cost  of  new  iron  bridge 1,000.00  1,036.43 


Total    $10,251.06 

Of  this,  the  State  paid  $5126.53,  and  the  county  the  balance. 

Before  this  New  Market-Monrovia  Road  had  been  completed,  the 
coimty  had  requested  plans  and  estimates  for  a  road  leading  from  the 
turnpike  at  Braddock  Heights  southerly  along  the  ridge  and  then  west- 
erly toward  Middletown.  The  plans  and  estimate  were  prepared  by  this 
office  and  forwarded  to  the  County  Commissioners,  and  thoy  thereupon 
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advertised  for  bids  and  executed  a  contract  with  the  approval  of  the  State 
for  this  work,  the  length  of  which  was  then  intended  to  be  1.40  miles. 
During  the  progress  of  this  latter  work,  this  oflSce  had  some  difficulty  in 
inducing  the  contractor  to  conform  to  the  specifications  and  called  upon 
the  County  Commissioners  for  assistance  in  compelling  the  contractor  to 
carry  out  his  contract.  At  the  time  this  assistance  of  the  County  Com- 
missioners was  requested,  approximately  y2.  ^il^  of  the  work  had  been 
completed.  At  the  request  of  the  Commissioners  and  the  contractor, 
this  oflBce  approved  the  reduction  of  the  original  contract  for  1.4  miles 
to  a  contract  for  about  I/2  mile,  or  the  amount  of  work  then  practically 
completed.  The  contractor  thereupon  satisfactorily  completed  the  % 
mile  provided  for  in  the  reduced  contract,  the  Commissioners  accepted 
the  same,  and  the  settlement  was  made  between  the  county  and  the  con- 
tractor, and  then  between  the  State  and  the  county  for  this  y^  mile.  The 
total  cost  of  this  ^  mile  was  $2647.01,  and  of  this  the  State  paid 
$1314.57.  During  the  progress  of  these  two  contracts,  and  after  a  part, 
at  least,  of  the  New  Market-Monrovia  Road  work  had  been  completed, 
a  petition  to  the  County  Commissioners  was  presented  under  the  pro- 
visions of  Chapter  225,  Acts  of  1904,  by  a  number  of  tax  payers  from 
Kemptown  requesting  the  Commissioners  to  apply  for  State  aid  on  a 
continuation  of  the  New  Market-Monrovia  Eoad,  leading  through  what 
is  known  as  Kemptown,  and  for  a  section  one  mile  long,  beginning  at 
the  Frederick  Coiinty  line.  The  County  Commissioners  refused  to  apply 
for  the  aid  petitioned  for  and  the  petitioners  thereupon  prayed  the 
County  Court  to  direct  the  Commissioners  to  comply  with  the  provisions 
of  the  Act.  The  Court,  after  a  hearing,  held  that  the  mandatory  pro- 
visions of  Chapter  225,  Acts  of  1904,  compelling  the  County  Commis- 
sioners to  proceed  under  the  Act  in  the  event  of  certain  tax  payers  peti- 
tioning them  to  act  and  guaranteeing  certain  payments  in  the  event  of 
their  action,  was  unconstitutional  and  void.  The  petitioners  thereupon 
carried  the  •decision  of  the  local  court  to  the  Court  of  Appeals,  and  the 
Court  of  Appeals  reversed  the  decision  of  the  local  court,  and  remanded 
the  case  for  further  hearing.  This  further  hearing  was  subsequently 
held  and  the  mandamus  prayed  for  by  the  petitioners  was  issued  by  the 
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local  court.  The  County  tJommissioners  thereupon  applied  for  the  State 
aid  under  the  provisions  of  Chapter  225,  Acts  of  1904.  This  oflSce 
has  made  the  survey  and  is  now  preparing  the  plans  and  estimate 
requested.  They  will  be  forwarded  as  soon  as  completed,  and  in  ample 
season  for  the  work  to  be  advertised,  the  contract  executed  and  the 
construction  actually  begun  as  soon  as  the  weather  conditions  permit  in 
the  spring. 

Eastern  Shore  Freight  Eates  on  Eoad  Materials. 

The  cost  of  macadam  on  the  Eastern  Shore  of  Maryland  has  continued 
excessive,  owing  to  the  high  freight  rates  demanded.  We  referred  to  this 
matter  in  our  previous  report  on  page  325.  At  that  time,  the  matter  had 
been  taken  up  with  the  railroad  company,  with  a  view  to  securing  such  a 
reduction  in  freight  rates  on  crushed  stone  as  would  bring  them  to 
approximately  the  same  figures  per  ton  mile  as  exist  in  tlie  other  sections 
of  the  State  where  competition  between  carriers  exists,  but  it  was  then 
stated  that  no  conclusion  had  been  reached.  Shortly  after  the  adjourn- 
ment of  the  last  Legislature,  the  railroad  company^s  agent  notified  us  that 
they  could  not  see  their  way  clear  to  make  any  reduction  in  the  existing 
charges.  Notwithstanding  this  fact,  Worcester  County,  which  probably 
suffers  most  from  the  excessive  rates,  has  improved  with  macadam  some 
of  the  main  roads  leading  to  the  larger  railroad  stations,  and  many  other 
such  roads  undoubtedly  would  be  built  could  the  material  be  secured  at  a 
more  reasonable  price.  At  present,  the  freight  charges  are  approximately 
three  times  the  cost  of  the  material  itself,  and  from  50  to  100  per  cent 
higher  than  charges  for  similar  service  in  other  sections  of  the  State.  It 
woidd  seem  that  no  single  interest  on  the  Eastern  Shore  of  Maryland 
would  reap  greater  or  more  immediate  benefit  from  the  permanent  im- 
provement of  the  public  highways  tributary  to  it,  than  the  railroad  system 
permeating  this  region.  Other  systems  in  other  parts  of  the  country  have 
recognized,  in  a  substantial  way,  the  advantages  to  them  of  road  improve- 
ment, and  it  is  to  be  regretted  that  this  railroad  company  should  appar- 
ently be  unable  to  consider  this  matter  in  any  other  light  than  that  of 
dollars  and  cents  of  immediate  return. 
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Convict  Labok. 

In  1906,  the  Legislature  passed  an  Act  permitting  certain  counties  to 
require  the  inmates  of  the  county  jails  to  work  on  the  public  roads  of 
the  county.  Sheriff  Linthicum  of  Anne  Arundel  County,  said  in  March, 
1907,  that  after  continued  effort  on  his  part  to  secure  the  action  from  the 
County  Commissioners  necessary  for  him  to  take  the  jail  inmates  out 
to  work  on  the  road,  he  succeeded  early  in  February,  1907,  in  securing 
such  action,  and  in  the  middle  of  February,  began  work  on  the  roads 
with  the  nine  inmates  (all  colored)  of  the  jail.  At  the  start  he  employed 
two  guards,  but  as  the  terms  of  three  of  the  inmates  expired  at  the  end  of 
the  week,  the  number  of  guards  was  reduced  to  one.  The  inmates 
were  all  serving  sentences  of  from  30  to  60  days  each,  and  were  mostly 
men  who  made  a  practice  of  living  at  the  county's  expense  during  the 
winter  months. 

The  Sheriff  states  that  a  firm  stand  at  the  start  of  any  threatened 
trouble  effectually  prevents  not  only  trouble,  but  the  necessity  of  more 
than  ordinary  care  thereafter,  and  that,  as  a  whole,  the  prisoners,  though 
working  without  fetters  of  any  kind,  were  well-behaved  and  not  trouble- 
some; also,  that  their  labor  was  fully  as  effective  as  the  labor  which  had 
previously  been  hired  by  the  county  at  the  usual  county  rate. 

The  prisoners  were  taken  out  about  7.30  in  the  morning,  and  returned 
a  little  after  5  at  night 

Necessity  for  Wider  Tires. 

As  the  improvement  of  our  highways  progresses,  and  as  good  modern 
road  surfaces  become  more  common,  the  destructive  effect  of  heavily 
loaded,  narrow-tired  wagons  becomes  more  apparent,  and  even  to  the 
casual  observer,  their  ability  to  quickly  and  seriously  injure,  if  not  de- 
stroy, the  finest  roads,  is  plain.  Public-spirited  and  thoughtful  citizens 
of  other  communities  liave,  in  several  instances,  succeeded  in  securing  the 
passage  of  laws  to  encourage  tlie  use  of  wider  tires  on  vehicles  adapted 
for  carrying  heavy  loads,  but  unless  the  efforts  of  these  individuals  have 
been  supported  by  ^^eneral  public  sentiment,  the  results  have  been 
inappreciable. 
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Earth  Eoads  and  the  "  Log  Drag/^ 

With  the  question  of  general  road  improvement  and  the  recognition 
of  the  fact  that  for  many  years  at  least  tlie  earth  road  must  continue  to 
exist  and  require  maintenance  comes  the  problem  of  how  best  to  maintain 
the  earth  roads  with  the  least  expense.  In  the  past  few  years,  especially 
in  the  middle"  West,  a  rapidly  increasing  use  of  what  is  known  as  the 
""  log  drag  "  has  prevailed.  This  office  heartily  endorses  the  use  of  this 
log  drag  on  the  earth  roads  of  the  State,  and  believes  tliat  a  fair  trial  is 
all  that  is  necessary  to  convince  any  practical  road  man  of  the  great 
value  of  this  simple  instrument.  In  order  to  bring  it  to  the  attention  of 
the  road  authorities  of  the  State,  this  office  has  secured  and  distributed, 
with  its  endorsement,  some  printed  pamphlels  on  the  subject  of  the  con- 
struction and  use  of  the  "  King  Log  Drag.^' 

General  Eesults  of  Modern  Road  Work. 

The  Massachusetts  Highway  Commission,  in  its  14th  annual  report, 
makes  the  following  statement  concerning  the  effect  of  the  work  of  the 
Commission  in  shaping  the  system  of  State  roads : 

The  standard  of  work  and  the  methods  of  repairing  the  roads  have  con- 
tinuaHy  improved  since  1901.  The  wooden  culverts  are  rapidly  disappearing, 
being  replaced  by  stone  culverts  or  iron  pipe.  Water  bars  are  becoming 
gradually  removed;  and  in  many  towns  the  worn-out  material  that  has 
washed  into  the  gutter,  instead  of  being  scraped  back  into  the  center  of  the 
road  as  formerly,  is  now  discarded  and  new  material  substituted  therefor; 
which  is  a  better  practice  and  more  economical  in  the  end.  Better  drainage 
facilities  are  provided,  and  outlets  through  the  banks  are  now  built  for  the 
quick  removal  of  water  from  the  roads.  Ledge  outcroppings  and  bowlders 
have  been  taken  out,  instead  of  being  covered  up  with  dirt,  as  was  formerly 
too  often  the  general  custom. 

Roads  that  prior  to  1901  would  have  been  tolerated  without  complaint  will 
not  answer  now.  The  old  system  of  repairing  the  roads  in  the  spring  and 
of  doing  no  more  work  on  them  for  the  ensuing  year  is  now  looked  upon 
with  contempt.  In  many  towns  the  people  insist  that  the  repairs  shall  be 
made  when  they  are  necessary,  which,  of  course,  is  the  only  correct  way. 

Among  the  many  effects  of  the  influences  of  skilled  supervision  aud 
modern  methods  resulting  from  the  employment  of  County  Engineers, 
and  the  example  of  State-aided  work  in  the  different  counties  has  been 
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the  general  increase  in  care  in  the  selection  in  materials  used  for  road 
improvement.  Where  ten  years  ago  the  invariable  custom  was  to  use 
the  local  materials  for  an  improvement  regardless  of  their  value  for  road 
surfacing^  the  only  exception  being  perhaps  the  oyster  shells,  it  is  now 
quite  common  to  find  limestone  or  other  of  the  better  class  of  materials 
for  road  surfaces  being  brought  in  from  a  distance  of  as  much  as  100 
miles,  where  the  local  materials  available  for  this  purpose  have  been 
proved  unsatisfactory.  The  wisdom  and  financial  benefits  to  the  county 
from  such  selection  of  materials  has  been  proved  to  be  unquestionable. 

Similar  improvement  in  the  methods  and  results  obtained  in  the 
various  localities  from  the  influences  of  properly  executed  work  is  appar- 
ent in  the  replacement  of  wooden  bridges  with  more  permanent  structures 
of  pipe  or  concrete. 

County  Road  Engineers. 

Subsequent  to  the  establishment  of  the  State  bureau,  certain  of  the 
counties  have  obtained  authority  from  the  General  Assembly  for  the 
appointment  of  County  Eoad  Engineers  who  are  intrusted  with  the 
administration  of  the  roads  in  their  respective  counties.  This  has  greatly 
facilitated  the  work  of  the  State  oflBcers  since  the  County  Road  Engineers 
so  far  appointed  have  been  trained  men  understanding  the  necessity  of 
properly  constructed  roads  and  the  methods  adapted  to  securing  them. 
The  spheres  of  the  County  and  State  engineers  are  distinct  and  their 
duties  separate.  The  local  men  by  the  progressive  administration  of  their 
oflBces,  their  knowledge  of  local  needs  and  conditions  and  their  enlight- 
ened expenditures  of  their  road  funds  in  repairs  and  permanent  improve- 
ments have  accomplished  much  good  in  their  respective  counties.  The 
State  oflScers,  with  their  knowledge  of  the  needs  of  the  State  as  a  whole, 
their  better-equipped  and  more  highly-trained  forces,  have  been  able 
to  co-ordinate  the  work  in  different  counties  and  to  give  valuable 
assistance  to  the  local  engineers.  The  State  Engineers  have  endeavored 
to  help  the  County  Road  Engineers  by  the  making  of  surveys,  prepara- 
tion of  plans  and  specifications   and  advice  before   and   during  con- 
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struction,  and  in  this  effort  they  have  received  the  hearty  cooperation 
of  the  County  Eoad  Engineers.  The  division  of  the  road  work  among 
the  State  and  County  engineers  has  been  of  mutual  advantage,  and  it  is 
hoped  that  the  system  of  County  Road  Engineers  may  ultimately  extend 
so  as  to  include  all  of  the  counties  of  the  State.  At  present  there  are 
Soad  Engineers  in  Allegany,  Baltimore,  Caroline,  and  Somerset  counties. 

The  Engineers  of  Allegany,  Caroline,  and  Somerset  counties  have 
labored  under  difficulties  arising  from  great  demands  and  moderate 
resources,  but  by  skillful  planning  and  intelligent  work  they  have,  by 
the  results  they  have  been  able  to  secure,  materially  influenced  the 
general  road-work  of  the  county.  Especially  is  this  so  in  the  case  of 
Caroline  County,  where  the  previous  lack  of  system  has  been  supplanted 
by  a  business-like  method  of  carrying  on  the  ordinary  work  of  road- 
maintenance  80  that  the  efficiency  is  increased,  the  cost  reduced,  and  more 
money  for  permanent  improvements  made  annually  available  from  the 
same  total  road  fund.  The  expenditure  of  the  moneys  for  permanent 
improvements  is  then  carefully  made  along  the  lines  of  good  modem 
work,  and  the  results  on  the  roads  themselves  are  already  appreciably 
evident.  In  Allegany  and  Baltimore  counties,  especially  in  the  latter 
where  the  yearly  road  fund  is  large,  under  the  influence  of  the  County 
Eoad  Engineers,  the  old  wasteful  methods  of  attempting  modern  results 
are  gradually  disappearing.  While  there  still  remain  some  evidences  of 
"  veneering  "  in  attempting  to  satisfy  annually  many  voters,  the  folly  of 
80  doing  is  generally  recognized  and  public  opinion  is  beginning  to  sup- 
port the  county  authorities  in  their  attempts  to  attain  substantial  results 
as  fast  as  their  resources  will  permit  by  permanent  construction  as  far  as 
their  funds  in  hand  will  go,  and  subsequent  extensions  in  the  same 
manner  as  soon  as  new  funds  may  permit.  Wooden  bridges  have  been 
replaced  with  concrete,  wooden  boxes  with  iron  or  tile  pipe,  and  several 
stretches  of  modern  macadam  have  been  built  according  to  modem 
methods  and  with  results  comparing  most  favorably  as  regards  appear- 
ances and  even  cost  with  the  best  work  in  the  State. 

Many  other  beneficial  results  to  the  counties  employing  efficient  and 
skillful  Road  Engineers  have  been  evident  and  in  every  case  the  results 
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of  such  action  have  proved  the  necessary  expenditures  good  investments 
for  the  counties. 

ABSTRACT  FROM  REPORT  OF  ROADS  EKQIKEER  OF  CAROLINE  COUNTY. 

This  county,  like  the  majority  of  the  counties  of  the  State  of  Mary- 
land, prior  to  July  1,  1904,  worked  all  roads  under  the  usual  system 
of  supervisors,  until,  with  approximately  600  miles  of  public  roads,  it 
had  in  one  year  108  supervisors.  Under  this  same  extravagant  system, 
one  county  on  the  Eastern  Shore  of  Maryland  with  approximately  550 
miles  of  roads,  appointed  175  supervisors  during  the  last  year.  The  tax- 
payers of  Caroline  County,  realizing  what  the  methods  and  procedures 
of  such  a  system  meant,  and  the  cost  to  themselves  with  no  results,, 
held  several  public  meetings  in  th  fall  of  1903.  At  these  it  was  decided 
to  draft  a  Boad  law  which  would  do  awav  with  the  old  svstem  and  its 
political  features  and  provide  for  the  appointment  of  a  Roads  Engineer. 
Such  a  bill  was  passed  during  the  session  of  the  Legislature  of  1904,* 
which  included,  among  its  principal  features,  the  appointment  of  a  Roads 
Engineer  by  the  Board  of  County  Commissioners,  who  should  hold  his 
position  until  removed  for  cause,  after  formal  charges  of  incompetency 
or  wilful  neglect  of  duty,  sworn  to  by  ten  or  more  taxpayers,  had  been 
filed  with  the  County  Commissioners,  and  proven  after  a  hearing. 

This  practically  eliminates  political  features  and  makes  the  Roads 
Engineer  free  from  any  political  pressure.  The  Law,  furthermore,  gives 
the  Roads  Engineer  the  power  to  appoint  or  remove  at  will  all  super- 
visors who  act  under  his  control  and  direction.  He  also  has  full  charge 
of  all  labor,  teams,  wagons,  machinery,  and  implements  that  may  be 
owned  or  purchased  by  the  County  Commissioners.  He  examines  and 
certifies  to  the  correctness  of  all  bills  for  work  done  or  for  materials 
furnished  before  the  same  are  paid  by  the  County  Commissioners. 

IJnd(M-  this  law,  Mr.  W.  D.  IJhler  was  appointed  Roads  Engineer 
July  5,  1904.  In  entering  upon  the  duties  of  the  position,  it  was  deter- 
mined to  eliminate  politics  in  every  way,  and  to  conduct  the  affairs  of 
the  oflice  on  a  strictly  business  basis. 

*  Laws  of  Maryland,  1904,  chapter  644. 
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The  first  problems  confronting  the  Engineer  were  the  selection  of 
satisfactory  supervisors  for  each  of  the  eight  election  districts,  the  adop- 
tion of  a  proper  system  of  accounts  and  records,  the  preparation  of  a 
road  map,  and  the  development  of  methods  of  working  to  fit  the  local 
conditions. 

The  selection  of  road  supervisors  was  made,  after  consultation  with 
prominent  taxpayers  and  the  personal  investigation  of  the  recommenda- 
tions received,  and  men  chosen  who  seemed  best  fitted  for  the  work. 
The  first  selections  did  not  prove  in  every  instance  to  meet  expectations 
and  the  personnel  has  gradually  changed  through  the  weeding  out  of  old, 
and  the  substitution  of  new  men  according  to  their  ability  to  work  and 
accomplish  results. 

The  system  of  accounts  in  vogue  before  1904  made  it  impossible  for 
the  Commissioners  to  tell  what  work  had  been  done  or  what  liabilities 
had  been  incurred,  since  the  supervisors  frequently  failed  to  render  bills 
until  six  months  or  a  year  after  the  work  was  supposed  to  be  completed. 
It  was  practically  impossible  to  check  the  bills  which  were  simply  charged 
to  the  General  Eoad  or  Bridge  accounts.  Accordingly  the  Engineer 
devised  a  new  system. 

This  calls  for  a  daily  post-card  report  from  each  supervisor,  showing 
the  date,  names  of  men  working,  time  made  by  each,  number  of  horses, 
their  owners  and  time  made,  amount  of  material  used  and  work  done. 
These  cards  are  then  filed  and  used  by  the  Engineer  on  his  next  inspec- 
tion trip  to  check  the  work  done  and  the  material  used.  This  enables  the 
formation  of  correct  conclusion  as  to  whether  or  not  a  supervisor  is 
doing  work  economically.  Cards  are  also  used  in  checking  bills  when 
presented,  which,  under  the  law,  must  be  passed  by  the  Engineer  before 
payment.  The  bills  are  then  charged  to  the  respective  districts  in  which 
the  work  was  done,  all  bills  being  subdivided  so  as  to  show  how  or  for 
what  the  sums  were  expended,  the  principal  items  being  labor,  teams, 
carpenters,  lumber,  hardware,  pipe,  feed,  machinery,  etc. 

To  further  facilitate  the  work,  a  circular  letter  was  issued  to  the  Rural 
Free  Delivery  carriers,  asking  their  cooperation  in  reporting  any  danger- 
ous or  unsafe  places  in  the  county  roads  on   their  respective  routes. 
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Special  post-cards  were  furnished  for  the  purpose  with  the  Roads  Engi- 
neer's name  and  address  printed  on  same.  This  has  been  of  infinite  help 
in  the  work  as  Rural  Free  Delivery  covers  at  least  76  to  80  per  cent  of 
the  roads,  which  practically  means  a  daily  inspection  of  the  main  roads 
of  the  county. 

The  changes  made  in  the  method  of  working  the  roads  have  been 
marked.  At  first,  attempts  were  made  to  secure  the  teams  necessary  for 
plowing  and  scraping  from  the  nearby  farmers.  This  proved  quite  unsat- 
isfactory for  many  reasons.  The  time  most  favorable  for  road  work  is 
that  best  suited  for  general  farm  work.  When  teams  were  secured,  they 
usually  were  furnished  by  different  farmers,  each  sending  one  of  the 
four  to  six  pairs  used  on  a  plow  or  scraper.  Each  pair  had  its  own  kind 
of  harness  and  a  driver  who  took  care  that  his  team  pulled  no  harder 
than  the  others.  Even  such  supplies  could  not  be  obtained  for  more  than 
a  day  or  two  of  continuous  work.  Altogether  this  method  proved  not 
only  unsatisfactory  but  very  expensive.  Experiments  were  then  made 
with  a  steam-roller  which  could  plow,  scrape,  and  roll.  Traction  engines 
were  also  hired  at  prices  varying  from  $7.00  to  $10.00  per  day.  After 
taking  into  consideration  the  expense,  work  done,  etc.,  this  method  of 
hiring  equipment  was  abandoned.  Experience  with  a  few  mules  owned 
by  the  county  soon  showed  that  the  best  method  was  for  the  county  to 
own  its  own  mules  (buying  the  best  obtainable)  and  the  necessary  equip- 
ment for  the  conduct  of  the  road-work  independent  of  private  supplies. 
The  County  Commissioners,  accordingly,  have  purchased  31  mules  at  a 
cost  of  $6500  and  an  equipment  of  harnesses,  machinery,  scoops,  carts, 
wagons,  plows,  drag  harrows,  and  portable  quarters  at  a  cost  of  $2800. 

Among  the  first  pieces  of  detail  work  done  under  the  new  law  was  the 
preparation  of  a  road  map  showing  every  road  and  opening  in  the  county ; 
the  kind  of  opening,  whether  bridge,  terra  cotta  or  iron  pipe  or  trunk, 
together  with  length,  width  or  diameter,  distance  from  top  of  road  or 
bridge  to  bottom  of  stream  or  ditch,  its  condition  and  what  it  could  be 
replaced  with  when  necessary  to  renew.  To  each  of  these  openings  an 
arbitrary  number  was  assigned,  corresponding  to  tlie  number  on  the  road 
map.    These  have  been  found  to  be  of  decided  advantage,  especially  when 
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any  bridge  or  opening  was  reported  to  be  in  bad  shape  or  needed  rebuild- 
ing. It  has  been  possible  to  tell  at  a  glance  what  was  necessary  to  replace 
the  defective  part  without  requiring  the  time  and  expense  involved  in 
making  a  long  trip  to  decide  on  what  to  put  in.  As  soon  as  the  majority 
of  the  small  bridges  are  replaced  by  pipes,  it  is  proposed  to  renumber  the 
large  openings  and  to  erect  number-boards  at  each  large  bridge  on  the 
same  principle  as  that  used  in  railroad  work.  Numbers  may  then  be 
used  instead  of  local  names,  which  often  are  numerous  and  varied  for 
the  same  bridge  or  culvert. 

The  actual  working  season  starts  on  or  about  April  1,  when  the  teams 
are  taken  out  of  winter  quarters  and  sent  into  the  different  sections  of 
the  county.  Each  outfit  has  a  portable  house  eight  feet  by  twenty  feet 
on  wheels,  which  is  fitted  up  with  bimks,  kitchen  utensils,  etc.,  and  in 
which  the  men  live  while  away  from  headquarters.  These  houses  are  so 
arranged  with  feed  boxes  and  hay  racks  on  the  sides  and  roofs  of  heavy 
canvas  tarpaulins  hooking  under  eaves,  that  if  necessary  one  can  stable 
four  mules  on  each  side  of  them.  Quite  frequently  stable  room  can  be 
found  with  the  different  farmers  throughout  the  county.  The  object 
gained  by  having  regular  camps  is  the  great  saving  in  time  and  labor  in 
going  to  and  from  work,  and  the  saving  of  the  team. 

The  work  consists  principally  in  plowing  from  the  center,  since  a  large 
percentage  of  our  roads  are  worn  out,  after  having  been  scraped  over  for 
years.  By  plowing  from  the  center  with  furrows  from  16  to  20  inches 
deep,  it  is  possible  to  turn  the  old  worn-out  material  under  and  turn  up 
fresh  material,  from  which  to  shape  up  a  fairly  good  road.  In  scraping 
the  roads,  it  is  tlie  aim  to  crown  them  strong,  the  amoimt  of  slope 
depending  altogether  on  the  material  worked.  At  the  present,  it  is  cost- 
ing the  county  more  per  mile  to  work  the  roads  than  it  did  under  the 
old  system.  This  is  due  to  the  widening  of  all  roads  to  a  minmum  width 
of  26  feet,  the  grubbing  up  of  all  stump  roots,  etc.,  which  should  have 
been  done  when  the  road  was  originally  built.  Under  the  old  system 
the  major  portion  of  the  scraping  was  practically  about  16  feet  in  width, 
and  very  little  or  no  attention  was  paid  to  tlie  removal  of  stumps  and 
similar  obstructions. 
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After  the  roads  have  been  put  in  good  condition  in  this  way,  it  is  the 
plan  to  keep  them  in  good  order  by  running  over  them  with  log  drags 
(better  known  as  the  King  Drag),  which  will  keep  the  ruts  filled  up. 

The  County  Engineer  is  also  working  with  a  view  to  eliminating  all 
the  small  bridges,  and  has  already  used  28  carloads  of  terra  cotta  and  iron 
pipe,  varying  from  8  to  72  inches  in  diameter. 

Whether  or  not  the  present  system  is  an  improvement  over  the  old, 
both  as  to  results  and  economy,  may  be  inferred  from  the  following 
excerpts  taken  from  the  Annual  Reports  of  the  Count)-  Auditor  and 
Grand  Jury- : 

"  We  have  inserted  iDto  this  report  a  statement  of  interest  to  the  taxpayers* 
the  annual  report  of  County  Roads  Engineer  Uhler  to  the  County  Commis- 
sioners, giving  in  detail,  the  cost  of  material  and  labor  in  each  district  of 
the  County,  showing  the  comparative  costs  of  the  old  and  new  system.  .  The 
improved  condition  of  the  roads,  at  less  cost,  to  our  minds,  is  sufficiently 
convincing  that  any  tampering  or  change  for  the  present  should  be  closely 
guarded  by  the  taxpayers." — Auditor's  Report  for  1905. 

"  The  annual  report  of  Roads  Engineer  Uhler  to  the  County  Commissioners 
is  again  inserted,  giving  in  detail  itemized  expense  for  material  and  road 
work.  We  still  believe  the  present  system  much  preferable  to  the  old,  and 
that  Engineer  Uhler  is  giving  the  County  energetic  and  intelligent  super- 
vision."—Auditor's  Report  for  1906. 

"  The  annual  report  of  the  County  Roads  Engineer  to  the  Commissioners  is 
complete  in  detail,  showing  cost  of  work  and  material  for  the  fiscal  year 
ending  June  30,  1907,  to  be  $11,654.98.  The  Auditor's  Report  for  1904  shows 
the  cost  of  the  roads  under  the  old  system  to  be  $13,617.48,  we  think  a  very 
creditable  showing  for  the  new  system  considering  the  very  greatly  improved 
condition  of  the  roads  at  $2000.00  less  cost." — Auditor's  Report  for  1907. 


As  to  public  highways  the  Grand  Jury  said : 


« 


Having  eliminated  the  patronage  system  of  working  the  county  roads,  with 
good  results  of  better  roads  and  at  less  cost,  we  advise  against  any  tinkering 
by  amendments  or  otherwise  to  the  present  County  road  law;  that  the  tax- 
payers and  the  County  Commissioners  give  encouragement  and  aid  to  the 
county  road  engineer  to  help  develop  the  present  system." 

**  The  members  of  the  grand  jury  heartily  concur  in  the  opinion  that  the 
roads  and  bridges  of  the  County  show  marked  improvement  under  the  new 
system  of  management  and  would  commend  the  alertness  and  industry  of 
the  county  road  engineer.  We  believe  that  the  change  in  the  local  road 
system  promises  the  most  satisfactory  results,  and  have  unanimously  agreed 
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to  recommend  a  thorough  trial  of  this  departure  to  the  people  of  the  County. 
It  appears,  from  our  inquiry  into  the  State  of  the  road  fund,  that  this  is 
being  handled  discreetly  and  to  the  best  advantage  by  the  engineer  and  the 
County  Commissioners,  and  instead  of  the  waste  so  long  complained  of  under 
the  former  order  of  things,  the  fund  is  being  effectively  expended  for  the 
purposes  for  which  it  was  appropriated." 

Besides  the  maintenance  of  the  present  roads  under  local  supervision 
the  county  has  undertaken  the  building  of  permanent  highways  under 
the  State  Aid  or  "  Shoemaker  "  Road  I^w.  When  this  law  first  became 
operative  in  1904,  there  was  considerable  opposition  to  it,  the  people  con- 
tending that  Caroline  County  could  not  afford  such  costly  roads.  Such 
a  view  arose  in  part  from  a  lack  of  appreciation  of  the  advantages  of 
good  roads  and  in  part  from  a  misunderstanding  of  the  requirements  of 
the  Law.  It  was  at  first  supposed  that  only  stone  roads  could  be  built. 
After  ^rr.  W.  W.  Crosby,  the  Chief  Engineer  of  the  State  Geological 
and  Economic  Survey,  showed  the  falsity  of  this  view  by  the  acceptance 
of  a  few  miles  of  shell  macadam,  a  mile  of  marl  road,  and  finally  two 
miles  of  sand  clay  road — built  for  experimental  purposes — the  county 
people  realized  the  latitude  allowed  by  the  law  and  the  willingness  of 
the  State  oflScials  to  cooperate  in  the  use  of  the  natural  resources  of  the 
county.  Our  people,  especially  in  certain  sections  of  the  county,  are  now 
becoming  so  eager  for  State  Aid  roads,  that  they  subscribe  '^5  per  cent  of 
their  cost  instead  of  10  per  cent,  as  prescribed  by  the  law.  During  the 
past  year  this  county  completed  one  mile  of  marl  macadam  road  including 
a  200-foot  reinforced  concrete  bridge  at  Greensboro,  Maryland,  which 
in  itself  demonstrates  the  benefits  to  be  derived  from  the  State  Aid  plan. 
Without  this  assistance,  it  would  never  have  been  possible  to  have  built 
a  structure  of  this  character  and  the  people  would  have  resorted  to  the 
old  and  unsatisfactory  expedient  of  a  temporary  wooden  structure. 
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NEW  ALLOTMENT  TO  THE  COUNTIES  OF  THE  STATE  APPROPRIA- 
TION FOR  ROADS,  ACCORDING  TO  THEIR  PUBLIC  ROAD 
MILEAGE,  EXCLUSIVE  OF  TURNPIKES. 

County.  Mileage.  Altotmont. 

AJlegany  693  |8,806.26 

Anne  Arundel  521  6,620.44 

Baltimore   1,031  13,101.54 

Calvert    335  4,256.72 

Caroline    706  8,971.44 

Carroll    730  9^76.50 

Cecil    638  8,107.26 

Charles    465  5,908.72 

Dorchester   810  10,293.04 

Frederick    890  11,309.60 

Garrett    940  11,945.08 

Harford    822  10,447.52 

Howard  378  4,803.06 

Kent    427  5,425.90 

Montgomery    761  9,670.34 

Prince  George's    892  11,335.02 

Queen  Anne's    839  10,661.48 

St.  Mary's    602  7,649.72 

Somerset   515  6,554.04 

Talbot    450  5,718.08 

Washington   636  8,081.90 

Wicomico    825  10,483.62 

Worcester  832  10,572.72 

ToUl    15,738  $200,000.00 
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SUMMARY  OF  WORK  COMPLETED  UNDER  STATE  AID  TO  HIGHWAYS 

LAW  TO  JANUARY  1.  1908. 

Surveys    made   on 168  sections,  aggregating  196.36  miles 

Plans  completed   on 146        "  "  149.61      " 

Estimates   made   on 146        "  "  149.61      " 

Estimated   cost    $854,186.51 

Contracts    let    or    arrangements    for 
construction  completed  on 88  sections,  aggregating    83.44  miles 

WoBK  Done  Under  Same. 

Bridges  built  30 

Culverts    "      297 

Excavation     211,024       cu.  yds. 

Cement  masonry    1,122.24 

Concrete        "          751.63 

Reinforced    "          603.60 

Brick              "          92.50    "      *' 

Underdrain . . .  19,107.00    lin.    ft. 

Clay  pipe  laid  less  than  12  in 358.00 

"      "        "        "        "    "  relald   26.00 

Clay  pipe  laid  12  in 315.00 

"     12    "  relaid    183.00 

"     15    "    1,408.00 

"     15    "  relaid    146.00 

16    "    3.00 

"       "         "     18    "    1,094.00 

20    "    84.00 


it      *t 


it  it  it 


"    20   "  relaid   6.00 

"     22    "    8.00 

«  ft  «(        no      « 


«(  <( 


22   "  relaid    18.00 

24   ••    672.00 

"    24   "  relaid    7.00 

"     30    "    87.00 

Cast  iron  pipe  laid  12  in 1,224.00 

"      "    12   "  relaid    20.00 

"      "     14    "    1,000.00 

"      "     15    "    38.00 

"      "    15   "  relaid    22.00 

"      "     16    "    180.00 

"       "     18    "    144.00 

"     24    "     82.00 

24    *•  relaid    20.00 


<(  <4  *t  << 


SUBFACING. 

Broken  stone     357,877  sq.   yds. 

Marl    5,946 

Gravel    41,290 

Shell     27,956 

Sand  and  clay     5,400 


tt  tt 

**  tt 

tt  f 

tt  tt 


Certification  to  the  State  Comptroller  has  been  made  on  56  sections 

of  51.81  miles,  amounting  to $348,776.91 

About  22  miles  additional  are  approaching  completion,  amounting 

approximately  to    140,000.00 

About  10  miles  additional  are  in  various  stages  of  construction, 

amounting  approximately  to 70,000.00 
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RESULTS  OF  TESTS  OF  ROAD  MATERIAL. 
Obtained  bt  the  Hiohwat  Division,  Mabtland  Geological  Subvet, 
FBOM  Januabt  1,  1906,  TO  Januabt  1,  1908. 

BALTIMORE  COUNTY. 


Quarry.  Location. 

White  Hall 

nr.  Franklin  Road 

Bare  Hills 

Woodlawn 

Woodlawn 

Belair  Road 

Chas.  Bowen's  Towson 

Advance  Belair  Road  and 

'     Herring  Ran 

H.  Saater*8  nr.  Franklin  Road 

Gatch*8  Gardenville 

Md.  Quarry  Co.  nr.  h  ranklin    Road 

Martin's  CatonsviUe 

White  Hall 

Fellowship  Towson 

White  Hall 

Gelston*s  Franklin  Road 

Malyem  

McColgan's  Bare   Hills 

McColgan's  Bare  Hills 

nr.  Stevenson 

H.  Sauter's  nr.  Franklin  Road 

Gelston's  nr.  Franklin  Road 

Rockland 

Gen.  Agnus'  Green  Spring  Valley 

CARROLL  COUNTY. 

Carrolton 


^^    No.  of 
^'-  jTest. 

Material. 

8         279 

Serpentine 

280 

Trap 

281 

Serpentine 

282 

Trap 

283 

Trap 

284 

Trap 

287 

Trap 

288 

Diabase 

298 

Gabbro 

294 

Gabbro 

297 

Trap 

298 

Trap  (Diabase) 

4         301 

Serpentine 

302 

Granite 

803 

Trap 

804 

Trap 

808 

Gneiss 

809 

Serpentine 

310 

Serpentine 

311 

Gneist 

312 

Trap 

314 

Trap 

316 

Limestone 

317. 

Limestone 

Coef.  of 

Cementa 

Wear. 

Uon  coef 

13.60 

166 

16.40 

42 

4.70 

263 

6.00 

34 

17.00 

18 

6.70 

65 

10.00 

60 

7.15 

34 

16.60 

16 

16.00 

15 

13.G0 

19 

13.80 

•   •   • 

14.29 

62 

10.20 

11 

8.90 

•   •   • 

8.33 

11 

14.90 

20 

4.59 

5.31 

6.71 

14.70 

17.40 

7.78 

12.10 

289 


Gneiss 


6.15 


30 


CECIL  COUNTY. 

3         300         Meta  Rhyollte        Susquehanna  Frenchtown 

Broken  Stone  Co. 


8.70 


67 


3         286         Trap 

3  290         Gneiss 

4  305        Trap 


3  296        Trap 

4  318         Serpentine 


FREDERICK  COUNTY. 

Frederick 

HOWARD  COUNTY. 
J.  M.  Mount's  Sykesvllle 

Harez  Farm  Waterloo 

MONTGOMERY  COUNTY. 

Dlckerson 


Standard  Stone 

and  Lime  Co. 

O.  B.  Williams 


1 


8.20 


26.00 


nr.  Lay  tons  ville  Road    10.50 


69 


10.00 

80 

8.51 

59 

8.95 

61 

63 


Maryland  Oeologioal  Subvey 
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WASHINGTON  COUNTY. 


8 


291 

Llmentone 

Plnesbarg  Quarry 
Co. 

Plnesburg 

6.26 

83 

807 

Limestone 

Pinesburs  Quarry 
Co. 

Plnesburg 

10.60 

21.6 

815 

Medina 
Sandstone 

Cumberland  Narrows 

8.33 

•  •  • 

MISCELLANEOUS 

286 

Limestone 

•  ••••• 

Lemoyne 

9.60 

76 

296 

Gneiss 

Independent 
Quarry  Co. 

Harford  Road 
(Balto.) 

10.68 

89 

299 

Limestone 
(Dolomltic) 

Chas.  Werner  ft  Co. 

Wilmington,  Del. 

6.00 

128 

306 

Limestone 

Tliomasville  Lime 
and  Stone  Co. 

Thomasville,  Pa. 

7.70 

26 

318 

Medina 
Sandstone 

Orleans  Co.  Quarry 
Co. 

•  •••••          XN«     X  • 

11.00 

•   •   • 

319 

Limestone 

9.70 

•  •  • 
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MARYLAND  MINERAL  INDUSTRIES 

1 896- 1 907 

BY 

WM.  BULLOCK  CLARK  and  EDWARD  B.  MATHEWS 


INTliODL'CTORY. 

Maryland  produces  *  a  great  variety  of  mineral  products,  many  of 
which  afford  at  the  present  time  the  basis  of  important  commercial 
enterprises,  while  others  give  promise  of  future  value.  Still  others  occur 
in  such  small  quantities  as  to  raise  doubts  as  to  their  ultimate  economic 
importance.  Most  of  those  now  employed  can  be  still  further  developed 
with  the  prospect  of  an  increased  production  in  future  years. 

Many  of  the  Maryland  minerals  have  been  worked  since  early  colonial 
days,  especially  the  brick  clays  and  the  iron  carbonate  ore.  The  Mary- 
land coal  deposits  also  were  early  discovered,  and  have  been  the  basis  of 
an  important  industr}'  for  more  than  half  a  century.  Still  other  mineral 
products  have  been  developed  within  quite  recent  years,  the  annual  value 
of  the  ^Maryland  mineral  output  being  steadily  on  the  increase. 

The  ancient  crystalline  rocks,  confined  for  the  most  part  to  the  Pied- 
mont region  between  the  Catoctin  Mountain  and  the  Chesapeake  have 
afforded  the  most  varied  mineral  substances.  Here  occur  tlie  most 
important  building-stones;  the  granite  of  Port  Deposit,  Woodstock, 
Ellicott  City,  and  Guilford;  the  ^eiss  of  Baltimore  City;  the  marble  of 
Cockevsville  and  Texas;  the  slate  of  Cardiff;  the  crvstalline  limestone  of 
Westminster;  and  the  serpentine  of  Cardiff,  Broad  Creek,  and  Bare 
Hills.  In  these  oldest  rocks  occur  also  the  ores  of  gold,  copper,  chrome, 
lead,  and  zinc.     Iron  ore  is  also  found  here  while  all  the  flint,  feldspar, 

•  The  statistics  of  mineral  production  are  collected  each  year  by  the  Mary- 
land Qeological  Survey  in  co-operation  with  the  U.  S.  Geological  Survey. 


100  Maryland  Mineral  Industries 

kaolin,  talc,  soapstone,  asbestos,  and  mica  in  the  State  must  be  sought 
for  in  these  rocks.  These  older  rocks  also  appear  in  the  Blue  Ridge 
district  underlying  the  Middletown  Valley,  where  they  have  yielded  traces 
of  copper,  antimony,  and  iron. 

Hocks  of  later  age,  forming  what  geologists  call  the  Paleozoic  system, 
constitute  the  western  section  of  the  State.  They  furnish  sandstone  and 
limestone  suitable  for  building  purposes,  the  latter  also  being  burned 
extensively  for  agricultural  uses.  There  are  also  important  deposits  of 
cement  rock  that  have  afforded  the  basis  for  an  extensive  industry.  At 
the  top  of  this  Paleozoic  system  of  rock  formations  are  the  coal  beds  of 
the  famous  Cumberland-Georges  Creek  coal  basin,  including  the  "  Big 
Vein  "  that  is  universally  thought  to  furnish  the  highest  quality  of  steam 
and  smithing  coal.  These  same  rocks  also  contain  important  deposits  of 
fire-clay  and  iron  ore,  the  former  affording  the  basis  for  a  very  important 
fire-brick  industrv. 

The  post-Paleozoic  formations  of  the  State,  although  not  as  rich  in 
mineral  products,  are  not  devoid  of  deposits  of  economic  value.  The 
interesting  variegated  limestone  breccia,  known  as  Potomac  marble,  and 
the  brown  sandstone  of  Frederick  and  Montgomery  counties  belong  to  the 
oldest  of  these  post- Paleozoic,  strata.  Tlie  series  of  still  unconsolidated 
beds  representing  much  of  the  remainder  of  post-Paleozoic  time  and 
comprising  all  of  Eastern  and  Soutliem  Maryland,  and  known  as  the 
Coastal  Plain,  furnishes  the  chief  supply  of  brick,  potter^s  and  tile  clay ; 
of  sand,  marl,  and  diatomaceous  earth  (silica)  ;  and  much  of  the  iron  ore. 
The  clay  industr}%  particularly,  is  one  of  the  most  important  in  the 
State  and  is  largely  based  on  the  clays  of  this  region. 

There  has  been  a  steady  increase  in  the  annual  output  of  Maryland 
mineral  products  during  the  past  twelve  years,  since  the  organization  of 
the  State  Geological  Survey.  In  that  period  the  total  has  nearly  doubled 
while  the  people  directly  and  indirectly  affected  have  greatly  increased 
in  number.     The  value  of  the  production  for  each  year  is  as  follows: 

1896  1897  1898  1809  1900  1901 

$5,8iU,408         115,475,729         $5,044,150        $6.409,1«7         |«.039.543        $8,175,244 

1902  1903  1901  1905  1906  1907 

$9,282,338       $10,8a3,498       $9,515,093       $10,516,351       $10,916,472       $10,960,826 
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The  total  annual  output  of  mineral  products  had  remained  stationary 
for  some  years  prior  to  1896  and  showed  but  little  increase  for  the  first 
vear  or  two  thereafter.  In  1899  the  total  value  exceeded  six  million 
dollars  for  the  first  time,  but  from  that  year  onward  increased  steadily 
and  rapidly  until  1907,  which  shows  the  largest  total  annual  value  of 
mineral  production  of  any  year  in  the  history  of  the  State.  The  marked 
increase  in  values  in  1903  was  due  to  the  anthracite  coal  strike  of  1902, 
which  brought  about  unusually  high  prices  for  all  kinds  of  coal,  the  in- 
crease in  this  product  alone  being  sufficient  to  account  for  the  sudden 
increase  in  the  total  production.  If  conditions  had  been  normal  the  out- 
put of  Maryland  mineral  products  would  probably  have  been  less  than 
nine  and  one-half  million  dollars  although  showing  a  slight  increase, 
however,  over  1902.  The  years  1902,  1903,  and  1904,  show,  therefore, 
with  the  exception  cited,  a  gradual  increase  in  mineral  production  over 
previous  years.  In  1905  and  1906  the  increase  again  became  rapid,  due 
in  part  to  the  rebuilding  of  Baltimore,  but  in  1907  only  a  slight  increase 
is  shown,  on  account  of  the  business  depression  prevailing  during  the 
latter  half  of  that  year..  Under  normal  business  conditions  the  total 
output  for  1907  would  have  exceeded  $11,000,000. 

The  following  table  shows  the  value  of  the  various  Maryland  mineral 
products  each  year  from  1896  to  1907: 

VALUE  OF  THK   ANNUAL  OUTPUT  OF  MINERAL  PRODUCTS.   1806-1007. 


Year 

Coal 

fltOTIA 

Flint  UDd 

Sand  and 

Lime  and 

Feldspar. 

Gravel. 

Cement. 

1896 

13,209,928 

$457,764 

• 

$365,477 

1897 

3,363,996 

468,811 

• 

286,441 

1898 

3,532,257 

703,873 

• 

399,938 

1800 

3,067,056 

636.547 

• 

372,322 

1900 

3.927,381 

727,640 

133.420 

421,745 

1901 

5.046,491 

866.524 

45.929 

488,322 

1902 

5,579,869 

l,113.8r»4 

83.236 

487,597 

1903 

7.189,784 

1,126,992 

80,898 

469,113 

1904 

5.729.085 

1.160.076 

98,867 

$219,268 

345,329 

1905 

5,831.700 

1.409,053 

75,552 

436,828 

393,741 

1906 

6,474,793 

1.370,924 

120,832 

285.797 

383,135 

1907t 

6.023,097 

i.r,4i.3;to 

90,800 

277.106 

404,794 

.• 


• 


•  • 


*  Records  incomplete. 

t  Provisional  figures ;  a  few  small  producers  still  deUnquent. 
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VALUE  OF  THR  ANNUAL  OUTPUT  OF  MINERAL  PRODUCTS,  1898-1907.-Corit£nu«f. 


Clay  and 
Clay 

Ores  (gold, 

Mineral 
Waters, 

Miscellaneous 

# 

Year. 

copper,  iron. 

(soapstone,  talc, 
marl,  silica,  etc.). 

Total. 

0  ^ 

* 

Products. 

mineral  paint). 

^     fc               ^  ^ 

1896 

11,596.055 

153,304 

158.339 

14,631 

$5,834,408 

•• 

1897 

1,312.889 

27.660 

21.185 

4,747 

5.475,729 

1898 

1.254,860 

18.862 

29.779 

4,531 

5.944.150 

*%'' 

1899 

1,683,596 

26.557 

13.045 

10,344 

6.409,467 

v*./ 

1900 

1.714,234 

67,429 

36.849 

10.845 

6,930,543 

«   • 

•        • 

1901 

1.613,663 

45,135 

57.680 

11,500 

8,175,244 

*•      • 

1902 

1.915.417 

61,826 

45.100 

5,500 

9,282,330 

• 

1903 

1.921,821 

33,612 

45,918 

9.360 

10,883.498 

• 
• 

1904 

1,886,277 

25,421 

44.320 

5.850 

9.515,093 

1905 

2.282,856 

35.152 

44,627 

6.782 

10,516,351 

1906 

2,178,617 

15.624 

58.334 

21.416 

10,915.472 

1907t 

1,863,310 

37.767 

86.606 

35.350 

10.960,826 

t  Provisional  figures;  a  few  small  producers  still  delinquent. 

COAL. 

The  coal  deposits  of  Maryland  *  arc  tonfincd  to  western  Allegany  and 
Garrett  counties  and  constitute  a  part  of  the  great  Appalachian  coal 
field  which  covers  portions  of  Pennsylvania,  Maryland,  Virginia,  West 
Virginia,  Ohio,  Kentucky,  Tennessee,  and  Alabama.  Throughout  the 
western  portion  of  this  field  tlie  rocks  witli  their  contained  coal  beds 
lie  nearly  horizontal,  but  to  the  eastward  low  folds  that  gradually  in- 
crease in  intensity  are  developed  until  the  "  canoe-shaped ''  basins  of 
central  Pennsylvania,  western  Maryland,  and  eastern  West  Virginia  are 
reached.  As  a  result  of  this  increased  folding  eastward  the  coals  have 
been  metamorphosed  through  heat  and  pressure  with  a  relative  reduction 
in  the  amount  of  volatile  carbon,  the  coals  gradually  changing  from  the 
soft  bituminous  to  the  semi-bituminous  varieties  with  a  further  change 
to  the  hard  anthracite  still  farther  eastward  in  the  anthracite  field  of 
Pennsylvania.  In  general  the  coal  beds  are  thickest  along  the  eastern 
margin  of  the  field  and  thin  westward.  Many  of  the  coal  seams  can  be 
traced  continuously  over  thousands  of  square  miles,  while  others  have 
only  a  local  development. 

The  Mar}^land  coals  placed  on  the  market  belong  to  the  group  of  semi- 
bituminous  coals  and  possess  great  value  for  steam  and  smithing  pur- 
poses.    They  are  used  extensively  as  fuel  for  locomotives,  steamboats,  and 


•  See  Report  on  the  Coals  of  Maryland,  Md.  Geol.  Survey,  Vol.  V,  Part  4, 
1905,  and  Geological  Maps  of  Allegany  and  Garrett  Counties. 
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factories,  finding  a  ready  market  in  Baltimore,  New  York,  and  elsewhere 
along  the  Atlantic  border. 

The  Maryland  coals  occur  in  five  basins,  known  as  the  Georges  Creek 
basin,  the  Upper  Potomac  basin,  the  Castleman  basin,  the  Lower 
Youghiogheny  basin,  and  the  Upper  Youghiogheny  basin.  The  present 
production  of  coal  for  the  market  is  almost  exclusively  confined  to  the 
first  two  basins.  The  far  greater  prominence  of  the  Georges  Creek  basin 
has  led  to  the  application  of  the  name  "  Georges  Creek  coal "  to  mo?t  of 
the  coal  shipped  from  the  State.  Until  within  recent  years  practically 
all  of  this  coal  came  from  the  Pittsburg  seam  or  "  Big  Vein,"  but  the 
gradual  exhaustion  of  this  wonderful  seam  has  led  to  the  exploitation 
with  most  satisfactory  results  of  many  of  the  "  Small  Veins  "  both  above 
and  below  the  chief  seam.  There  are  many  companies  to-day  mining 
the  smaller  seams  either  exclusively  or  in  conjunction  with  the  large 
seam.  There  is  unquestionably  a  great  future  for  these  smaller  seams 
in  Maryland,  especially  in  the  Upper  Potomac  basin  in  southern  Garrett 
County*,  where  they  reach  their  greatest  thickness.  The  total  amount  of 
coal  in  these  small  seams  exceeds  many  fold  that  originally  contained  in 
the  "  Big  Vein." 

The  many  coal  seams  in  the  Maryland  Coal  Measures  are  shown  on 
the  accompanying  vertical  section.  The  figures  given  represent  the  thick- 
ness of  the  seams  from  roof  to  floor,  including  the  coal,,  bone,  slate,  etc., 
and  the  distances  between  important  beds. 


THE  FOLTX)WING  ANALYSES  SHOWS  THE  AVERAGE  COMrOSITION  OF  THE 

LEADING   MARYLAND  COALS. 


Coal  Seams. 

Moisture. 

Volatile 
Carbon. 

Fixed 
Carbon. 

Ash. 

Sulphur. 

Calorlmetric 

values  in 

('alories. 

n.T.u. 

Upper  Sewlckley 

or   "  Tyson  " . . .  . 

.83 

20.22 

70.09 

8.86 

1.40 

7,784 

14,011 

Pittsburg  or  "  Big 

Vein "     

.70 

18.78 

73.13 

7.12 

1.02 

7.920 

14.256 

Bakerstown  or 

"  Four-foot  "    . .  . 

1.10 

18.04 

70.32 

9.94 

2.07 

7.757 

13.973 

Upper  Freeport 

or  "  Three-foot  " . 

1.21 

10.47 

B8.70 

10.17 

1.73 

7.764 

13.975 

Lower  Klttanning 

or    "Six-foot".. 

1.26 

io.r.2 

07.20 

12.01 

2.13 

7,484 

13.471 

Brookville  or 

"  Bluebaugh '•    .. 

.91 

21.04 

68.83 

9.22 

1.30 

7.729 

13.912 
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The  most  important  of  the  seams,  after  the  Pittsburg  or  "  Big  Vein/* 
are  the  Upper  Sewickley,  the  Bakerstown,  the  Upper  Preeport,  and  the 
Middle  and  Lower  Kittanning,  all  of  which  are  being  successfully  mined 
at  the  present  time.  Others,  like  the  Franklin  or  "  Dirty  Nine,"  contain 
so  little  good  coal  as  to  be  practically  valueless. 

Although  coal  was  discovered  in  the  Georges  Creek  basin  as  early  as 
1782,  the  first  eastern  shipments  from  the  Maryland  coal  district  were 
not  made  until  1830,  when  small  amounts  were  transported  by  barges 
down  the  Potomac  Biver.  The  first  company  was  incorporated  in  1836. 
Since  the  construction  of  the  Baltimore  and  Ohio  Railroad  in  1842  and 
of  the  Chesapeake  and  Ohio  Canal  in  1850,  the  output  from  the  Mary- 
land mines  has  increased  very  rapidly,  and  more  than  30  companies  are 
now  engaged  in  the  mining  of  coal. 

The  total  annual  value  of  the  output  of  Maryland  coal  has  doubled 
since  1896,  in  part  due  to  an  increased  production  and  in  part  to  an 
enhancement  in  the  price.  The  following  table  shows  the  total  quantity 
in  long  tons  of  coal  mined  and  its  value  for  each  year  from  1896  to  1907 : 

annual  production   of   MARYLAND   COAL.    1896-1907. 


Loaded  at 

minea 

for 

•hipment. 

Bold  to 

local 

trade  and 

employeea. 

Daadat 

mineefor 

ateam 
and  heat. 

ToUl 

qnantlty 

mined. 

Total 
ralae. 

Averag* 

prioe 

P«r 

ton. 

Arerag* 

number  of 
days 
active. 

ATerace 
namber 
of  em- 

ployeea. 

1896 

3,632,239 

47,363 

19,939 

3,699,541 

13,299,928 

1.89 

204 

4,039 

1897 

3,921,163 

24,787 

20,235 

3,966,185 

8,363,996 

.85 

262 

4.719 

1898 

4,124,098 

32.983 

16,922 

4,174,003 

3,532.257 

.85 

253 

4.818 

1899 

4,211,233 

61,384 

19.701 

4.292.318 

3,667.056 

.85 

275 

4.624 

1900 

3,526,374 

46.040 

21,057 

3,593.471 

3.927.381 

1.09% 

203 

5.319 

1901 

4,503.563 

36.859 

24.870 

4.565.292 

5,046.491 

1.10% 

262 

5,333 

1902 

4,631,585 

43.421 

31,967 

4.706.973 

5.579,869 

1.18% 

242 

5,827 

1903 

4.243,496 

47,341 

36,096 

4.326,933 

7,189,784 

1.66 

219 

5,859 

1904 

4,215.816 

44.477 

37,584 

4.297,877 

5.729,085 

1.33 

226 

5,671 

1905 

4,474,104 

44,446 

42.646 

4,561,196 

5,831.760 

1.28 

252 

5.948 

1906 

4,760,108 

44,916 

48.059 

4,853,083 

6,474,793 

1.33% 

250 

6,438 

1907 

4,846,323 

43,269 

r>0,254 

4,939.846 

6,623,697 

1.34 

■ 

263 

5,880 

There  was  a  gradual  increase  in  the  tonnage  from  1896  to  1899  but 
1900  saw  a  considerable  decrease.  In  1901,  however,  the  amount  mined 
exceeded  that  in  any  previous  year  and  in  1902  there  was  a  still  further 
increase.  In  1903  there  was  a  decrease  in  tonnage  over  1902,  although 
the  value  was  greater  by  $1,609,915  than  in  the  preceding  year,  due  to 
the  higher  price  of  coal.     The  production  in  1904  remained  about  the 
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FORMATIONS 


Dunkard 


890  +  fe€t 


Monongahela 

240-270  feet 


Conemaugh 


600-700  feet 


Allegheny 


260-350  feet 


Pottsville 


825-880  feet 


Scale:    1  inch  =  300  feet 
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COAL  SEAMS 


JoUytown  coal  2  feet 


*'#• 


H^-n^ 


.•.-.-.-^ 


Washington  coal  S^  feet 

Wayncsburg  "  A  "  coal  2  feet 
Waynesburg  or  Koontz  coal  3  to  0  feet 

Uniontown  coal 

Upper  Sewickley  or  Tyson  coal  6  feet 
Lower  Sewickley  coal  2^  feet 

Redstone  coal  4  feet 

Pittsburg,    Elkgarden    or    "  Big    Vein  " 
coal  14  feet 

Little  Pittsburg  coal  2  feet 

2d  Little  Pittsburg  coal  1  foot 


Franklin  or  Little  Clarksburg  coal  0  feet 


Lonaconing  coal  2  feet 
Rlklick  coal  1  foot 

Friendsville,     Ames    or    Crinoidal    coal 
2  feet 


Maynadier  coal  2  to  3  feet 

Bakerstown  or  Barton  coal  2  to  5  feet 
Grantsvillc  coal  3  feet 

Brush  Creek  or  Masontown  coal  2  feet 
Mahoning  coal  2  feet 

Upper  Freeport  or  Thomas  coal  3  to  6 
feet 

Lower  Freeport  coal  2^  feet 

Upper  Kittanning  coal  1  to  8V^  feet 

Middle  and  Lower  Kittanning,  Davis,  or 

"  Six-foot  "  coal  6  feet 
*'  Split-six  "  coal  3  to  4  feet 


Clarion  or  Parker  coal  2^^  feet 
Brookville  or  Bluebaugh  coal  3  to  6  feet 

Mount  Savage  or  Upper  Mercer  coal  3  ft. 
Lower  Mercer  coal  1  foot 


I 

! 

if 

:.-_i-A._p         Quakertown  or  Bloominifton  coal  2  feet 


.:.        Sharon  coal  1  foot 


Fig.  1. — Columnar  section  showing  relative  positions  of  Maryland  Coal  seams. 
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same  as  in  the  preceding  year,  but  the  total  value  fell  off  greatly  as  com- 
pared with  1903,  although  not  reaching  the  value  for  1902.  In  1905 
there  was  some  increase,  both  in  tonnage  and  total  value,  and  this  was 
still  more  marked  in  1906.  In  1907  there  was  a  still  further  increase, 
although  less  than  the  preceding  year,  on  account  of  depressed  business 
conditions  in  the  late  months  of  1907. 

The  average  price  of  coal  for  the  12-year  period  since  1896  has  been 
$1.15  per  long  ton.  During  the  first  half  of  this  period  it  was  $0.94 
and  during  the  last  half  $1.34  per  long  ton  on  the  average.  The  price 
reached  the  highest  figure  in  the  history  of  the  Maryland  coal  industry, 
$1.66,  in  1903,  following  the  anthracite  coal  strike  of  the  year  before 
when  the  price  of  all  varieties  of  coal  rose  greatly  in  value.  Since  1903 
the  average  price  has  been  $1.32.  During  1904,  1906,  and  1907  it  was 
somewhat  in  excess  of  this  but  was  slightly  less  in  1905,  when  it  reached 
the  lowest  average  price  since  1902. 

There  is  a  difference  in  the  average  price  obtained  for  the  Big  Vein 
and  Small  Vein  coals  and  also  between  the  Allegany  and  Garrett  County 
coals  from  the  same  seams.  Taking  the  year  1907  as  an  example,  the 
average  price  for  the  Big  Vein  coal  was  $1.45  per  long  ton  while  the 
Small  Vein  coals  from  Allegany  County  brought  only  $1.18  per  ton. 
At  the  same  time  the  Small  Vein  coals  in  Garrett  County  brought  only 
$1.08  per  ton.  The  difference  in  price  seems  hardly  justified  by  the 
difference  in  the  quality  of  the  coals.  More  or  less  coal  from  the  Small 
Veins  is  now  mixed  by  many  of  the  companies  with  the  Big  Vein  coal 
without  materially  deteriorating  its  quality. 

The  average  number  of  men  employed  in  coal  mining  in  Maryland 
increased  from  4039  in  1896  to  6438  in  1906.  The  number  was  some- 
what less  in  1907,  amounting  to  only  5880,  according  to  the  reports 
received,  but  the  average  number  of  days  the  mines  were  in  operation 
increased  from  250  to  263.  In  practically  all  the  mines  the  working  day 
is  10  hours  long.  In  only  a  few  of  the  smaller  mines  is  there  a  9-hour 
dav. 

The  total  tonnage  of  coal  mined  in  Maryland  to  the  close  of  1907  is 
estimated  at  about  132,000,000  long  tons  which,  at  an  average  price  of 
$1  per  ton,  represents  a  total  value  of  $132,000,000. 
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COKE   PRODUCER. 

OPEBATOB.  OFFICE.  WOBKS. 

Maryland  Steel  Company Sparrows  Point    Sparrows  Point. 

CLAYS  AND  CLAY  PRODUCTS. 

The  days  of  Maryland  *  are  widely  distributed  and  occur  at  various 
geological  horizons.  Tlie}'  are  found  most  extensively  throughout  the 
eastern  and  southeni  portions  of  the  State,  although  some  very  important 
clays  occur  in  the  central  and  western  counties.  The  clay^  of  Maryland 
are  suitable  for  many  economic  purposes,  including  the  manufacture  of 
common  brick,  fire-brick,  enameled-brick,  stove-brick,  terra-cotta,  sewer- 
pipe,  tile,  and  pottery. 

ANNUAL  PRODUCTION  OF  MARYLAND  CLAYS  AND  CLAY  PRODUCTS,  1896-1907. 


Brick  and  tile  Pottery,  Raw 

Including  Ore-  Including  white,  clay 

brick,  stove-  yellow,  and  for  misc. 

brick,  etc.  earthenware.  uses. 


Total. 


1896 

11,422,359 

1167.696 

$5,000 

$1,595,055 

1897 

1,070,265 

235,017 

7,607 

1,312,889 

1898 

949,907 

305,518 

1,435 

1.254,860 

1899 

1,317,915 

361,726 

3,955 

1,683.596 

1900 

1.275,239 

436,617 

2.378 

1.714,234 

1901 

1.272,175 

333,480 

8,008 

1,613,663 

1902 

1,380,062 

525,300 

10,055 

1,915,417 

1903 

1,435,566 

473.255 

13,000 

1,921,821 

1904 

1,469,126 

402,931 

14,220 

1,886,277 

1905 

1,885,009 

364,368 

33,479 

2.282,856 

1906 

1,763,040 

373,499 

42,078 

2,178,617 

1907 

1,512,008 

315,697 

35,611 

1,863,316 

The  total  annual  value  of  the  output  of  Maryland  clavs  and  clay 
products  has  very  materially  increased  since  1896.  There  had  been  very 
little  change  in  the  annual  production  for  several  years  prior  to  1896 
and  a  slight  decrease  occurred  in  1897  and  1898.  In  1899,  however,  the 
total  reached  the  largest  amount  in  the  history  of  the  industry  up  to  that 
time  and  from  that  date  to  1906  has  shown  a  marked  annual  increase 
with  the  exception  of  a  slight  loss  in  1901  and  1904  which,  however,  was 
more  than  made  up  in  the  succeeding  years.  There  was  some  decrease 
during  the  past  year  on  account  of  the  general  business  depression  in  the 
closing  months  of  1907  and  the  difficulty  experienced  by  the  operators 
in  securing  labor  in  the  earlier  part  of  the  year, 

•  See  Report  on  the  Clays  of  Maryland,  Md.  Geol.  Survey,  Vol.  IV,  Part  3, 
1902. 
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The  extensive  clay  deposits  of  Maryland  are  but  partially  utilized  at 
the  present  time  but  the  prospects  are  that  they  will  be  much  more 
extensively  employed  in  future  years. 

COMMON  and  front  BRICK  CLAYS. 

Clays  suitable  for  the  manufacture  of  common  and  front  brick,  particu- 
larly the  former,  are  widely  distributed  throughout  the  State.  Brick 
making  began  in  southern  Maryland  in  colonial  days,  scattered  references 
to  the  industry  being  found  in  the  earliest  records.  It  is  evident  that 
practically  all  of  the  common  brick  employed  for  building  purposes  in 
colonial  days  was  made  at  the  local  brick  yards. 

Maryland  common  brick  is  made  from  three  types  of  deposits,  viz., 
the  Coastal  Plain  sedimentary  clays,  the  residual  clays  of  the  Piedmont 
Plateau,  and  the  shale  deposits  of  the  Appalachian  Region. 

Clays  suitable  for  the  manufacture  of  common  brick  are  found  every- 
where throughout  the  Coastal  Plain.  The  Columbia  loams  of  Pleistocene 
age  form  a  mantle  over  most  of  the  surface  of  the  district  and  on  account 
of  their  grittiness  and  ferruginous  character  are  excellently  adapted  to 
the  manufacture  of  common  brick  and  are  widely  used  in  the  vicinity 
of  Baltimore.  They  have  sufl&cient  iron  to  burn  to  a  good  red  color, 
enough  fine  particles  to  insure  proper  plasticity,  and  enough  grit  to 
prevent  excessive  shrinkage  in  burning. 

The  only  Tertiary  clay  of  any  great  importance  for  brick  making  is 
the  Marlboro  clay  at  the  base  of  the  Nanjemoy  formation.  It  is  com- 
mon through  sections  of  Southern  Maryland  and  is  well  suited  to  the 
manufacture  both  of  pressed  and  common  brick. 

The  Lower  Cretaceous  formations  aJford  important  brick  clays,  the 
Raritan,  however,  furnishing  chiefly  buff-burning  clays,  although  red- 
burning  ones  occur.  The  clays  from  this  formation  are  best  developed  in 
Anne  Arundel  County.  The  Patapsco  formation  which  underlies  the 
Raritan  contains  a  large  amount  of  highly  variegated  clays  and  extends 
in  a  broad  belt  across  the  State  near  the  western  margin  of  the  Coastal 
Plain.     The  clays  of  the  Patapsco  formation  are  more  plastic  than  the 


Maryl^vxd  Geological  Survey  111 

Columbia  clays  and  as  a  general  rule  occur  in  beds  of  much  greater  thick- 
ness. They  are  particularly  well  adapted  to  the  manufacture  of  stiff- 
mud  brick  while  the  Columbia  clays  are  rather  too  gritty  for  this  purpose. 
Next  to  the  Columbia  clays  they  are  the  most  important  brick  clays  in 
the  eastern  section  of  the  State.  They  are  located  for  the  most  part 
near  the  head  of  tide  along  the  leading  railroad  lines  and  therefore 
possess  great  commercial  importance. 

In  the  Jurassic,  the  Arundel  formation  affords  large  supplies  of  iron- 
ore  clays  which  are  well  adapted  to  the  making  not  only  of  common  brick 
but  also  of  pressed  brick.  They  are  moderately  silicious,  highly  plastic, 
and  have  sufficient  iron  to  burn  to  a  good  red  color.  At  some  localities 
the  Arundel  clays  are  comparatively  free  from  iron  so  they  burn  buff 
instead  of  red  and  lend  themselves  well  to  the  production  of  terra-cot ta 
and  roofing-tile. 

The  residual  clays  of  the  Piedmont  region  are  derived  from  either 
gneisses,  granites,  limestones,  or  schists,  as  a  general  rule,  and  in  almost 
ever}'  case  are  quite  ferruginous  so  that  they  not  only  bum  to  a  deep 
red  product  but  may  do  so  at  a  comparatively  low  temperature.  Those 
which  are  derived  from  a  basic  igneous  rock,  such  as  gabbro  or  perido- 
tite,  usually  have  a  very  high  j)lasticity  and  consequently  show  a  high 
shrinkage  in  burning.  Owing  to  their  high  plasticity,  however,  they 
generally  permit  of  the  admixture  of  considerable  sand,  although  the 
manufacturer  often  has  some  difficulty  in  thoroughly  incorporating  the 
material  with  the  clay.  Tlie  residual  clays  are  likely  to  be  variable  in 
their  depths  owing  to  the  uneven  surface  of  the  underlying  rock,  and 
consequently  they  may  vary  anywliere  from  3  or  4  to  25  or  more  feet 
in  thickness. 

The  shales  suitable  for  brick  making  are  to  be  found  either  in  the 
Devonian  or  Carboniferous,  although  up  to  tlie  present  time  only  the 
former  have  been  used.  With  an  increase  in  demand  for  bricks  in  the 
counties  of  the  Appalachian  Eegion  the  Carboniferous  shales  will  no  doubt 
spring  into  prominence  and  be  opened  at  a  number  of  points.  Many  of 
these  shale  deposits  will  also  proljably  be  found  available  for  the  manu- 
facture of  vitrified  brick. 
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ANNUAL  PRODUCTION  OF  COMMON  AND  FRONT  BRICK,  1896-1907. 


Common  Brick. 

Front  Brick. 

f 

Amt.  in  M. 

Value. 

Price 
perM. 

Amt. 
inM. 

Value. 

Price 
perM. 

Total 
value. 

1896 

144,519 

$987,706 

$6.83 

4,572 

$97,426 

$21.35 

$1,085,132 

1897 

116,841 

702,957 

6.02 

5,316 

92.344 

17.37 

795,301 

1898 

121,831 

722,473 

5.93 

5,890 

87,433 

14.84 

809,906 

1899 

111,479 

682,247 

6.12 

14,335 

157,918 

11.02 

840,165 

1900 

117,830 

724,013 

6.14 

4,439 

60,729 

13.68 

784,742 

1901 

113,467 

676,708 

5.96 

5,772 

76,792 

13.30 

753,500 

1902 

141,235 

879,995 

6.23 

3,457 

45,375 

13.13 

925,370 

1903 

147,663 

976,669 

6.62 

2,728 

40,479 

14.84 

1,017,148 

1904 

160,279 

1,048,850 

6.54 

2.245 

37,537 

16.72 

1,086,387 

1905 

210,446 

1,423,663 

6.76 

1,426 

24.118 

16.91 

1,447,781 

1906 

204,238 

1.267,771 

6.21 

2.266 

31,968  . 

14.11 

1.299,739 

1907 

185,848 

1.031,024 

6.19 

1,447 

18.355 

12.68 

1,049.379 

The  brick  industry  has  had  a  very  variable  production  during  the  past 
12  years.  The  smallest  output  of  common  brick  was  in  1899,  when  the 
total  was  111,479  M,  the  value  of  the  product,  however,  being  greater 
than  in  1901,  when  the  price  per  M  was  less.  The  largest  production 
was  in  1905,  immediately  following  the  Baltimore  fire,  when  it  reached 
210,446  M.  The  price  was  also  high  during  the  latter  year,  the  total 
value  of  the  production  being  far  in  excess  of  any  previous  year  in  the 
history  of  the  brick  industr}'. 

The  production  of  front  brick  has  varied  greatly  from  year  to  year 
and  is  less  at  the  present  time  than  it  was  some  years  ago.  The  produc- 
tion of  front  brick  was  vcr}-  much  greater  in  1899  than  during  any  other 
year  in  the  front-brick  industrj-,  so  that  the  total  production  of  common 
and  front  brick  during  1899  considerably  exceeded  the  output  for  the 
year  1901,  when  there  were  much  fewer  front  brick  produced  than  in 
1899. 

The  prices  of  both  common  and  front  brick  have  varied  from  year  to 
year,  altliougli  the  price  of  common  brick  has  been  throughout  most  of 
the  period  between  $6  and  $7  per  M.  The  front  brick  also  during 
recent  years  has  not  varied  as  much  as  it  did  earlier  and  has  been  declin- 
ing somewhat  in  price  during  the  last  three  years,  being  $16.91  per  M 
in  1905  and  $12.68  in  1907. 

The  manufacture  of  brick,  tile,  and  other  clay  products  is  grouped  in 
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centers  of  which  the  most  important  are  Baltimore,  Allegany,  Frederick, 
Washington,  and  Wicomico  counties.  The  operations  around  Baltimore 
include  most  of  the  production  of  Baltimore  and  Anne  Arundel  counties 
which,  with  that  of  Baltimore  City,  constitute  about  60^  of  the  total  for 
the  State.  The  demands  of  Washington  are  satisfied  in  large  part  from 
brick  yards  in  Alexandria  County,  Ya.,  the  Maryland  production  in  areas 
adjoining  the  District  being  slight. 

The  industry  of  Allegany  County  is  chiefly  in  fire-brick,  refractory 
ware,  and  enameled-brick.  The  production  from  this  region  constitutes 
nearly  30;^  of  the  total  for  the  State.  The  remaining  10^  comes  chiefly 
from  Frederick,  Hagerstown,  Williamsport,  and  Salisbury,  with  smaller 
producers  in  nearly  every  county  of  the  State. 

TERRA-COTTA  CLAYS. 

The  terra-cotta  industry  of  Maryland  has  been  comparatively  little 
developed,  although  what  has  been  done  is  sufficient  to  show  that  suitable 
materials  for  the  purpose  are  not  lacking  within  the  limits  of  the  State. 
The  kinds  of  materials  which  have  been  chiefly  employed  for  this  purpose 
are  the  buff-buming  Arundel  clays,  the  sandy  Patuxent  clays,  and  the 
variegated  Patuxent  clays.  All  of  these  clays  are  well  developed  to  the 
south  of  Baltimore,  especially  in  Anne  Arundel  and  Prince  George's 
counties.  At  times  the  variegated  Patapsco  clay  is  also  well  adapted  for 
terra-cotta  work,  particularly  in  the  southern  part  of  Baltimore  City. 

The  production  of  terra-cotta  has  varied  greatly  from  year  to  year. 
At  times  there  has  been  little  or  no  output  while  at  other  times  the  pro- 
duction has  exceeded  $100,000  in  value  for  the  year.  Terra-cotta  pro- 
duction has  been  confined  to  two  or  three  works  and  only  one  concern  was 
engaged  in  the  industry  during  the  past  year. 

SEWER-PIPE   CLAYS. 

The  only  sewer-pipe  clays  employed  at  the  present  time  come  from  the 
Arundel  formation,  although  it  is  probable  that  equally  good  clays  could 
be  obtained  from  the  Pleistocene  deposits  and  from  the  Patapsco  forma- 
tion.    The  small  importance  of  the  sewer-pipe  industry  in  Maryland  at 
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the  present  time  is  due  rather  to  trade  conditions  than  to  lack  of  clays, 
for  both  the  Arundel  and  Patapsco  formations  }deld  materials  of  con- 
siderable plasticity. 

Sewer-pipe  production  is  very  small  and  has  rarely  amounted  to  more 
than  a  few  hundred  dollars  annually. 

ROOFING-TILE   CLAYS. 

• 

The  roofing-tile  clays  used  in  Maryland  come  from  the  Arundel  and 
Patapsco  formations.  They  show  considerable  variation.  A  roofing-tile 
clay  must  have  good  plasticity,  good  tensile  strength,  and  must  dry  and 
burn  without  extreme  shrinkage  or  warpage.  It  should  also  bum  to  a 
dense  body.  Such  clays  have  been  employed  in  the  vicinity  of  Balti- 
more and  a  much  larger  industry  could  unquestionably  be  developed 
should  there  be  a  demand  for  the  material. 

The  annual  production  of  roofing  tile  has  been  very  variable,  during 
some  years  amounting  to  only  a  few  thousand  dollars  while  at  other  times 
it  has  exceeded  $25,000  in  value.  The  quantity  burned  depends  upon 
the  condition  of  the  building  trade  and  the  demand  for  roofs  of  this 
character. 

FIRE  CLAYS. 

The  refractory  clays  found  in  Maryland  are  obtained  either  from  the 
Coastal  Plain  formations  or  from  the  Carboniferous  deposits  of  the 
Appalachian  Region.  The  Carboniferous  fire  clays  of  Maryland  have 
long  been  well  known,  the  deposits  having  been  discovered  in  1837.  The 
Pottsville  formation  is  the  chief  source  of  the  clays  which  are  worked 
at  the  present  time,  mainly  along  the  eastern  flank  of  Savage  Mountain. 
These  Carboniferous  fire  clays  occur  in  two  forms,  known  as  the  plastic 
clay  or  shale, 'and  the  fiint  clay,  both  of  which  are  highly  refractory  in 
character.  After  being  ground  and  mixed  they  are  made  into  fire-brick 
and  other  shapes. 

In  the  Coastal  Plain  region  fire  clays  are  obtained  from  the  Patapsco, 
Raritan,  and  Patuxent  formations  as  well  as  in  some  instances  from  the 
decayed  erystalline  rocks  beneath.     Tlie  first  three  of  these  formations 
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contain  lenses  or  extensive  beds  of  white  to  yellow-wliito  days  wliicli 
frequently  show  a  high  resistance  to  fire  and  can  be  heated  up  to  Ww 
fusing  point  of  cone  27  without  in  many  cases  becoming  vitrilinl. 

The  refractory-ware  industry  of  Maryland  is  one  of  the  most  important 
branches  of  the  clay- working  industry  found  in  the  Stat<».  Among  tho 
more  important  products  are  fire-brick,  enamclcd-bricik,  rctortH,  Htov(s 
brick,  and  stove-linings.  The  fire-brick  arc  made  both  in  wentcrn  Alio- 
gany  County  and  in  Baltimore.  The  manufacture  of  enaiuelcd-briek  in 
confined,  however,  to  the  former  locality.  Ketr)rtfl  are  made  in  Halti- 
more,  while  stove-brick  and  stovo-linings  are  largely  manufactured  in 
Cecil  Countv. 


1905 
1906 
1907 


ANNXAL  PRODUCTION  OF  FIRE  CLAY   FRODUCT8.    lOOfi  1007. 


Amt.  in  M. 


FlreRrick. 


Value. 


14.042 
14.278 
10.981 


$224,667 
266.980 
238.601 


Price  per  M. 


$16.00 
18.70 
21.73 


Ht/*v© 
f/frilrifCN. 

$32,890 
32.200 
24.&48 


MtikHiM 

$67,771 
79.560 


Total, 


The  production  of  fire-clay  product*}  is  larg'r.  Jt  ha*,  not  Htiou ii  any 
great  change  during  the  past  f*rw  yean?^  although  hrfit^r  in  VjW  than  in 
1905  and  190T.  The  prir-e  of  fire-brick  j^f-r  M  ha»»  lucntH'^'A  in  rtr^j^fii 
years,  being  *21-T3  on  the  avera^r'r  in  11>07  st^  again-t  $J0  in  JJ^O^/, 
The  iBdusm-  is  limit/fd  to  xhr^:  c/nt^-r-.  .X'iejranv  To'intv,  IWA^ftion-. 
Citv.  and  Ce^il  Co'jntv. 

•  -  • 

The  iK*lieT-»  -lav-  il-'!-':*:  z:iH\*:T.z.i  i;//-*.:-'  h  '*?:t^  :hU'/*:  of  ^y> .•/.;/>- 
siti'"'!:.     The  c'avs  T'^>^:]e  for  *.?,<:  rr;;?::,  >5i'*  ..'^':  o5  f*',f.*-'AHTt:  ht*:  *//  'A 

» •-•  ^ JLr\.     fik      — a.-:  I       ^•. "^     ..«  *;      j   4>a,/r»,-,-     .   ^, -s    .  y,,,     T' .^      --4    -  •      ...      "^^T'..* 

Co"ait:T,    A:  *''-r  --ssr  cf  ::.*:  ?*•>,;:•*.'./  f.TVi*.  .'.  .:.  •<-  »."..'  v,  .;.•;.  v-,«'r«: 
these  C-^c'L  <     "-:.:-  sv.:. rvj;-     >.■  •  '■  -  "'.•*•  ."  '/.r>::r.  >,'y  *-  '/^.  ',  .V":v;^ 


r  Ik".  •  firu  :>  f  ;'   f  "  4  '..'>'"-•-'. ,'     -    w   \  >.r^  >,*■      .    /   .^',  , '  .   ^t  • 
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a  number  of  points  in  the  Arundel  formation  and  also  in  the  Columbia 
group,  both  being  extensively  drawn  upon  by  the  yellow  and  Eockingham 
ware  manufacturers  of  Baltimore. 

Clays  for  the  manufacture  of  the  common  red  earthenware  are  abun- 
dant and  are  obtained  from  the  Columbia  group  and  the  Arundel,  and 
Patapsco  formations  of  the  Coastal  Plain,  from  the  residual  clays  of  the 
Piedmont  Plateau  northeast  of  Catonsville,  and  also  from  the  residual 
clays  of  the  Appalachian  Eegion  around  Hagerstown.  The  Potomac 
clays  near  Baltimore  also  afford  the  basis  for  the  manufacture  of  the 
higher  grades  of  pottery. 

ANNUAL  PRODUCTION  OP  POTTERY,  1896-1907. 
White,  Cbsam  Colored,  Yellow,  and  Earthenware. 

1896.   1807.    1808.   1800.   1000.   1001.   1002.   lOOB.   1004.   1006.    1006.   1907. 
$167,006  $236,017  $808,618  $861,726  $486,617  $888,480  $626,800  $478,266  $402,081  $864,868  $878,400  $816,607 

The  production  of  pottery  was  largest  in  1902,  when  it  exceeded  a  half- 
million  dollars  in  value.  Since  that  time  the  annual  output  has  had  a 
somewhat  less  value,  the  annual  production  for  the  past  year  being  less 
than  at  any  time  during  the  last  10  years.  The  industry  is,  however,  of 
importance,  the  various  producers  showing  considerable  variation  in  the 
amount  of  their  output  from  year  to  year. 

KAOLIN. 

The  kaolin,  which  is  generally  a  residual  white  clay  derived  from 
feldspathic  gneisses  comparatively  free  from  minerals  containing  iron,  is 
best  developed  in  Cecil  County.  The  deposits  of  this  region  are  closely 
related  to  those  of  adjoining  portions  of  Delaware,  although  in  the  latter 
State  part  of  the  kaolin  is  derived  from  the  decomposed  pegmatites.  The 
crude  kaolin  is  washed  and  deposited  in  settling  tanks,  the  greater  part 
of  the  fine  quartz  and  staining  constituents  being  removed,  and  is  subse- 
quently dried  under  pressure.  The  Maryland  material  is  used  for  fire 
clay  and  sagger  clay  but  chiefly  in  the  manufacture  of  paper. 

The  production  of  kaolin  has  been  very  small  in  recent  years,  the 
larger  works  not  being  continuously  in  active  operation.  The  production 
the  past  year  was  somewhat  larger  than  it  has  been  in  earlier  years. 
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LIST  OF  clay  operators. 

Beick  and  Tile. 

opebatoe.  office.  wobks. 

Baltimore  Brick  Co Baltimore     Baltimore  City  and 

County. 

Baltimore  Retort  k  Fire  Brick  Co "  Baltimore. 

Baltimore  Vitrified  Clay  Co "  

Edwin  Bennetts  Roofing  Tile  Works 

Chesapeake  Brick  Co Brooklyn    Curtis  Bay. 

German  Arch  Stone  Brick  Co Baltlmor**     

Columbia  Stove  Brick  Works Baltimore. 

Baltimore  Terra  Cotta  Works *  

Frederick  Stamp   *  

Tri-Color  Brick  Co Passaic,  X.  J 

Berlin  Brick  Co Berlin     Berlin. 

Potee   Brick  Co Baltimore     Brooklyn. 

C.  F.  Thomas  k  Son  Brick  Co Buckeystown     Buckeystown. 

James  C.  Leonard rambridge   Cambridg:e. 

Eastern  Brick  Co Baltimore     Canton. 

H.  S.  k  V.  M.  Bamett rhestertown    Chestertown. 

George  M.  Collins t'risfield   Crlsfield. 

Queen  City  Brick  k  Tile  Co Cumberland Cumberland. 

Cumberland  Granite  Brick  Co "  

Bums  k  Russell  Co Baltimore     Dundalk. 

The  Maryland  Terra  Cotta  Co **  

Jos.  H.  White  k  Son Easton    Easton. 

John  Gilpin  Brick  Co Elkton    Elkton. 

Gardner  Bros. Cumberland Ellerslle. 

George  P.  Stouter.  Executor Emmitsburg    EmmlUburg. 

Peter  Brookey    Frederick     Frederick. 

Frederick  Brick  Works •*  

Maryland  Brick  k  Supply  Co "  

Savage  Mountain  Fire  Brick  Co Frostburg    Frostburg. 

Bilbrough  k  Bros Greensboro    Greensboro. 

D.  N.  k  C.  E.  Henson Ifagerstown     Hagerstown. 

James  E.  S.  Pryor •  

L.   H.   Wiebel ♦  

Excelsior  Brick  k  Pottery  Co.  of  Balti- 
more   Flalethorpe    Halethorpe. 

Hancock  Shale  Brick  Co Hancock     Hancock. 

F.  F.  Greenwell Leonardtown     Hanover  Mills. 

Highland  Brick  Co Highland    Highland. 

Ferdinand  Cook    Federalsburg Hynson. 

Ellas  W.  Oursler Westminster    Mt.  Airy. 

Andrew  Ramsay Mt.  Savage    Mt.  Savage. 

Union  Mining  Co.  of  Allegany  Co **  

Big  Savage  Fire  Brick  Co Frostburg    Allegany. 

Thompaon-Starrett  Co Washington.  D.  C Muirkirk. 

Green  Hill  Fire  Brick  Co .North  East   North   East. 

North  East  Fire  Brick  Co •  

United  Fire  Brick  Co ••  

Independent  Brick  Co «»rangevllle    Orangeville. 

Hugh  McMichael    I»ocomoke  City    Pocomoke  City. 

David  S.  Strayer  &  S'^ns IMdgley     RIdelpy. 

Champion  Brick  Co Baltimore     Rosedale. 

Clifton  Hop«» Sr.  Michaels    St.  Michaels. 

Peninsula   Brick    Co Salisbury     Salisbury. 

Salisbury  Brick  Co 
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OPERATOR.  OFFICE.  WORKS. 

W.  S.  Lewis  ft  Son Snow  IIIU   Snow  Hill. 

D.  W.  Zentz Thurmont    Thurmont. 

Robert  E.  Frizzell ^ .  Westmlnstrr    Westminster. 

Cambria  Brick  Co Wbiteford    Whlteford. 

Wicomico  Briclc  Co Salisbury   White  Haven. 

ConococtaeafTue  Bride  ft  Earthenware  Co.Wllllamsport Willlamsport. 

Laurel  Brick  Works Ijaurel    Laurel. 

POTTERT. 
OPERATOR.  OFFICE.  WORKS. 

Edwin  Bennett  Pottery  Co Baltimore Baltimore. 

Edwin  Bennett's  Roofing  Tile  Works "  

Chesapeake  Pottery *'  *' 

Columbia  Stove  Brick  Works "  

M.  Perine  ft  Sons "  

Baltimore  Clay  Tobacco  Pipe  Works '*  " 

George  S.  Kalb  ft  Sons CatonsviUe    Catonsvllle. 

J.  J.  Nottnagel  ft  Son Frederick Frederick. 

Excelsior  Brick  ft  Pottery  Co Halethorpe    Halethorpe. 

Raw  Clay, 
operator.  office.  works. 

Big  Savage  Fire  Brick  Co Frostburg    Allegany. 

S.  C.  Chew Mantua,  N.  J Bacon  Hill. 

Ernest  Hartung Baltimore     Baltimore. 

J.  C.  Weaver's  Sons "  " 

n.  W.   Frederick Charlestown    Charlestown. 

A.  Hopkins   Dorsey    Dorsey. 

Chas.  W.  Simpers North  East Eder  and  Leslie. 

W.  R.  Grosh,  Estate  of Elkton    Elkton. 

Josephus  Smith   Hanover     Hanover. 

Union  Mining  Co.  of  Allegany  Co Mt.  Savage   Mt  Savage. 

American  Clay  Co Philadelphia,  Pa North  East. 

Hanna  Mining  Co North  East   

North  East  Fire  Brick  Co "  

STONE. 

The  rocks  of  Maryland  *  include  many  varieties  of  excellent  building 
and  decorative  stones.  The  greatest  amount  of  the  product  is  obtained 
from  that  portion  of  the  State  north  of  Washington  and  east  of  Harper's 
Ferry,  West  Virginia.  The  central  location  of  this  area,  traversed  by 
two  main  railroad  lines  and  several  local  ones,  places  it  within  con- 
venient distance  of  the  prominent  cities  and  towns  of  the  Middle  Atlantic 
coast  and  renders  the  products  both  valuable  and  available  wherever  the 
local  conditions  are  otherwise  favorable.     Counteracting  the  value  of 

♦  See  The  Building  and  Decorative  Stones  of  Maryland,  Md.  Geol.  Survey, 
Vol.  II,  Part  2,  1898,  and  Maryland  Geology  in  Relation  to  Highway  Con- 
struction, Md.  Geol.  Survey,  Vol.  Ill,  Part  2,  pp.  80-106. 


Makylaxd  Geological  Survey 


11^ 


this  cenual  Iocat:«>n,  however,  is  ihe  fact  ihai  :he  Suie  of  Marvland 
inclades  bu:  a  s€ct:»:»n  adv«>s  a  series  of  ir^^loidcal  forniations,  which 
are  present  in  Pennsylvania  and  Virginia,  where  then?  are  offers:  simi- 
lar oprortxinities  for  the  cuarrvin^  of  sione.  In  soir.e  :iis:anov<  o;>er;i- 
dons  were  commenced  in  these  areas  earlier  :han  in  Marv'aiui,  wi:h  ihe 
result  that  trade  has  been  divened  :o  neiirhborini:  States  which  mi^rhi 
be  gained  for  Maryland  by  more  energenc  and  intelligent  action  on  the 
part  of  the  ktcal  operators.  At  the  present  time  the  operations  in  the 
area  are  in  no  wise  commensurate  with  the  supply  of  material  at  hand. 


VALFX   mF   the    ANMAL   rRODlCTIOX    OF    STONE.    1S96-1$H>T. 


Grmnite 

S«iDd$ton<e 

Slate 

Marb'.e 

Lime^ion^ 

ToUl. 

valae. 

%KL:ue. 

vmlue. 

\-«lue- 

TTi'.Ue. 

1S96 

$251,108 

$10,713 

$72,142 

$110,000 

$13,801 

$4o7.764 

1897 

247.948 

10.000 

53.939 

130.000 

16,924 

45S.811 

1S98 

317.258 

13.646 

82.240 

120.525 

170,204 

703,S7S 

1899 

423.823 

24.426 

93,595 

77.000 

17.703 

636.547 

1900 

48«.S-22 

6.655 

1*28.673 

70.000 

35,490 

727.64*^ 

1901 

613.356 

4.546 

105.798 

68.100 

74.724 

866,524 

1902 

758.203 

15.405 

118,084 

95.549 

126.613 

1.113,854 

1903 

837,787 

2.170 

137.631 

83.672 

65,732 

1.126.992 

1904 

815.471 

8.998 

133.972 

73,814 

128.421 

1.160.676 

1905 

957.048 

12.984 

151.215 

138.404 

149,402 

1.409.05:5 

1906 

883.881 

9.533 

130.969 

176.495 

170.046 

1.370.924 

1907 

1.169.942 

13.859 

116.060 

9S.917 

142.552 

1.529.580 

The  industrv-  arising  from  the  quarrying  of  stone  is  the  third  in  im- 
portance among  those  baseil  upon  the  mineral  wealth  of  the  State,  Innng 
surpassed  only  by  the  coal  and  clay  products.  The  statistics  presented 
in  the  accompanying  table  giving  the  value  of  the  stone  produced 
annuallv  from  1896  to  190T  show  that  the  industrv  is  well  established 
and  that  it  has  sho\ni  a  well-sustained  growth  during  the  last  decade  in 
spite  of  the  less  favorable  conditions  of  the  last  two  years.  The  tigures 
suggest  the  beginning  of  an  appreciable  increase  in  the  industry.  This 
is  due  to  the  abnormally  higher  output  demanded  by  the  rebuilding 
subsequent  to  the  Baltimore  lire  and  to  the  increasing  use  of  crushed 
stone  in  concrete  and  road  construction.  During  the  next  few  years  this 
increase  mav  be  sustained  bv  the  demands  arisinir  from  the  construction 
of  the  filtration  beds  of  the  Baltimore  sewcrairo  svsteni. 
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The  largest  industry  in  stone  is  that  of  quarrying  granite  and  its  asso- 
ciated rocks.  This  trade  for  the  first  time  passed  the  million-dollar 
point  in  1907.  Under  this  title  of  '*  granite  ^^  are  included  such  other 
crystalline  rocks  as  gneiss,  gabbro,  and  diabase.  The  growth  in  the  pro- 
duction of  granite  has  been  healthy  and  bids  fair  to  continue.  Follow- 
ing that  of  granite  is  the  quarrying  and  manufacture  of  slate.  This  is 
not  only  the  most  locally  confined  of  the  quarrying  industries  but  is  also 
one  of  the  oldest,  its  origin  dating  back  to  the  latter  part  of  the  eigh- 
teenth century.  The  output  during  the  year  of  1907  has  been  somewhat 
curtailed  by  serious  cave-ins  and  the  efforts  of  the  operators  to  maintain 
and  raise  the  selling  price.  In  this  they  appear  to  have  been  more  or  less 
successful.  The  marble  output  which  was  appreciably  increased  in  1905 
and  1906  has  returned  to  its  normal  value.  The  limestone  production 
varies  widely  from  year  to  year,  being  conditioned  in  large  part  on  the 
improvement  work  undertaken  by  the  railroads,  while  the  production  of 
sandstone,  which  is  relatively  unimportant  in  Maryland,  has  just  about 
held  its  own  through  the  period  represented  in  the  table. 


GRANITE. 

The  granites  of  the  State  are  usually  light-colored,  granular  aggre- 
gates of  the  minerals  quartz,  feldspar  and  mica,  and  may  usually  be  dis- 
tinguished from  the  gneisses  in  which  the  same  minerals  are  arranged 
in  various  ways  in  a  more  or  less  banded  manner.  The  granites  best 
known  beyond  the  limits  of  the  State  are  those  quarried  at  Port  Deposit 
in  Cecil  County  and  at  Granite  (Woodstock)  in  Baltimore  County.  The 
facilities  for  quarrying  and  transportation  are  particularly  good  at  the 
former  locality.  The  quarries  are  beside  the  railroad  tracks  at  the  head 
of  navigation  on  the  Susquehanna  and  the  quarry  face  extends  from  the 
level  of  the  river  to  the  top  of  the  gorge  wall,  thus  permitting  the  work- 
ing of  several  benches  with  a  minimum  amoimt  of  stripping.  The 
quarries  are  well  equipped  with  machinery  and  maintain  a  large  crush- 
ing plant. 
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The  quarries  at  Granite  are  somewhat  less  favorably  situated  on  a  spur 
from  the  main  line  of  the  Baltimore  and  Ohio  Eailroad.  The  excava- 
tions of  the  different  firms  varv  widelv  in  extent  but  all  are  relativelv 
shallow  and  for  the  most  part  beneath  the  general  level  of  the  surround- 
ing country.  The  facilities  for  handling  the  product  are  sufficient  for 
the  demands  and  the  product  compares  favorably  with  the  best  granites 
of  the  country. 

Similar  quarries  of  granite  are  situated  at  Guilford  and  Ellicott  City 
in  Howard  Countv*  and  at  Frenchtown  in  Cecil  Countv.  Manv  other 
deposits  of  granite  of  considerable  extent  are  known.  These  have  only 
been  worked  to  satisfy  the  local  demands  but  oflFer  opportunities  for  more 
extensive  development.  Fidly  two-thirds  of  the  granite  output  from 
Maryland  localities  is  used  for  building  and  monumental  purposes,  being 
furnished  to  the  trade  in  both  the  rough  and  dressed  state. 

The  gneisses,  which  are  most  extensively  quarried  in  the  vicinity  of 
Baltimore,  are  used  chiefly  for  backing,  rubble,  curbing,  and  as  crushed 
stone  for  concrete  and  road-metal.  The.quarr}'  face  usually  shows  a 
series  of  roughly  parallel  bands  which  differ  in  texture  and  mineralogical 
composition.  The  even-grained  light-colored  silicious  bands  composed 
of  quartz-feldspar  aggregates  with  a  little  disseminated  mica  are  the 
most  valuable  as  they  readily  yield  strong  stones  with  roughly  parallel 
sides  suitable  for  curbing,  paving-blocks,  or  foundation  stone.  The 
darker  homblendic  and  micaceous  bands  are  of  little  value  for  structural 
purposes  but  may  be  used  for  rubble,  backing,  and  crushed  stone. 

Under  the  general  head  of  granite  are  included  such  crystalline  rocks 
as  gabbro  ("niggerhead")  and  diabase,  which  are  being  extensively 
crushed  for  road-metal  and  concrete.  The  lighter  colored  varieties  are 
occasionally  used  for  structural  work  but  their  sombre  tones  and  their 
hardness  make  them  less  desirable  for  such  purposes  than  for  road-con- 
struction to  which  they  are  especially  adapted. 

The  subjoined  table  gives  the  value  and  chief  uses  of  the  granite, 
gneiss,  and  trap  quarried  in  Maryland  during  the  years  1896-1907. 
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VALUE  OP  THE  ANNUAL  PRODUCTION  OP  GRANITE,  GNEISS,  AND  TRAP, 

1896-1907. 


Sold  in  rougrh. 

Dressed. 

Paving 

Curbing. 

Flagging. 

Building. 

Monumental. 

Building. 

Monumental. 

'  Blocks. 

1896 

• 

0 

m 

• 

$33,933 

« 

• 

1897 

$146,213 

$62,048 

$2,700 

3,328 

1898 

87,760 

65,602 

10.600 

33,341 

$27,747 

1899 

104,167 

137,377 

21,618 

24,076 

$27,500 

1900 

127,608 

164,181 

13,400 

71,865 

24,620 

1901 

$181,608 

$20,180 

188,668 

7.800 

61,637 

42,045 

1902 

139,866 

16,826 

323,239 

17,600 

30,521 

35,956 

$7,301 

1903 

228,896 

29,996 

271,929 

10,634 

38,104 

21,174 

3,922 

1904 

124,994 

16,037 

270,971 

8,139 

46,864 

14,870 

19,001 

1905 

233.716 

38.860 

125,177 

4,600 

38,900 

21,742 

7,419 

1906 

211,624 

80,780 

113,693 

1,730 

61,639 

27,746 

3,788 

1907 

106,694 

13,667 

66,781 

8,928 

47,886 

23,279 

4,406 

Crushed  stone 

1. 

Rubble. 

Rip-rap. 

Misc. 

Koad. 

Railroad. 

Concrete. 

Total. 

1896 

• 

* 

• 

* 
* 

« 
$1,660 

$261,108 

1897 

$41,999 

247,948 

1898 

83,888 

$8,420 

317,268 

1899 

106,636 

2.660 

423,823 

1900 

84,161 

A 

1,107 

$18,560 

1.600 

486,822 

1901 

$37,962 

13,092 

$50,404 

613,356 

1902 

74,522 

26.636 

64,704 

$9,066 

2,250 

20,940 

758,203 

1903 

60,664 

37.771 

122,120 

8,278 

1,029 

3,200 

837,787 

1904 

128,672 

5,637 

137,102 

31,156 

3,881 

9,328 

816.471 

1906 

133,599 

8,046 

212,692 

102,733 

2,996 

26,668 

967,048 

1906 

125,655 

6,803 

171,869 

52,503 

4,290 

32,902 

883,881 

1907 

280.742 

29,717 

492,846 

87,901 

7,266 

11,340 

1,169,942 

*  Statistics  incomplete  in  detail. 

The  figures  of  the  accompanying  table  show  that  during  the  time  repre- 
sented the  granite  production  has  been  about  equally  divided  between 
building  and  monumental  stock,  crushed  stone,  and  stone  for  miscel- 
laneous purposes,  such  as  paving,  curbing,  flagging,  rubble,  and  rip-rap. 
During  most  of  the  period  the  production  of  higher  grade  stock  has 
shown  a  normal  growth,  reaching  the  maximum  in  1904.  The  most 
marked  feature  is  the  great  increase  in  production  of  crushed  stone  re- 
sulting from  the  demands  incident  to  the  rapidly-increasing  use  of  con- 
crete and  to  the  macadamizing  of  the  roads  of  the  State.  The  produc- 
tion of  stone  for  concrete  shows  an  abnormal  increase  in  1907  on  account 
of  the  vast  quantities  used  in  the  construction  of  the  great  dam  at 
McCalls  Ferry,  Pa.,  for  which  all  of  the  stone  is  quarried  and  crushed 
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at  the  con:r«ai:-*i  rlin:  zr^±T  Bill  Fr.ir.  Mir  .ii.  1.  T:.-  ilv-r  i  :"r^> 
pr»>c^t-tion  wo:ili  ii^r  ;»eti:  stiH  rurrr-^r  -ei-liiic^i  ::  ::  ':.il  :«trr  t-f::- 
maiei  at  the  :i?:ial  ziLir'aei  Til~ef.  Sii^^  D.iir  :■:  ::  :>  >  li  ::  ri>  ri^tr 
valued  ohIt  a:  ilr  :^"'^':  :■:  7r:'i-:r::r.  S-r.>  :r.r  f-.iiii-if  ::r  :li:> 
partic-ilar  w-yjE.  -rill  :^ij^  :-  :lr^  cvz::  >::  n  :•:  :>.r  "»  :rks  ::.t-tv  .s  l.krly 
to  I'v  a  cecreAse  m  :::r  nen  ;r;ir  r  tt;-  -j^n.t:?^  ::  .5  rfjrt  :y  :::f  -.xT^ectcC 
inoreas*^  in  crnaiiif  iniiiri::  ::  :1-^  ir^-jiir-ri::  n  ■:  staTc  r/.g^viTs  ini 
the  c*:*nsm<:zx:'Zi  of  'r.-i  f.l:rs::M:    -el?  ::r  ::Lr  Bil::n:ore  f-:^-rirr  5y5:e2:. 

t^  '  »  --  »•  "  »** 

of  the  stonr.  The  jr:ii::j.il  .in::?  em:  !>;.-:  ire  :hr  j-Vio  y^r:,  r«erch. 
and  Ton  f-rr  ncgh  an:  cm^r.^-i  ?:  nr.  tl.e  Imrir  :>»:  :  r  :ur::Zi:  ir.:  :he 
5<j'jare  f>:-t  f:-r  farrinr-  Tj.t-  re'-irl:-::?  ".•e:«'e^n  such  ur.lts  ss  yari. 
perch,  ard  ten  alfc*  yiry  zttl  i-^e  ::»  plic-e.  :h-:ujh  :he  :c»n  :s  generally 
the  sr.on  ton  :f  2v-»  »i:nis.  iz.1  :h-  ^-r:-/::  -:•:  'Jo  cu::..  :\>::,  an 3  :he 
cubic  yard  weigh inr  fri-n:  25«»  ::■  2>»»  !»un'i?  acO'>r»i:n^  to  the  stone 
invokeJ. 

Rough  bniliin^  ?:one  ?-'-M  f>r  a'»u:  *l.-'^'»  i-er  ton:  omshei  stone  for 
road-metal  and  ci'L-.rrie  for  from  t.«j  ::•  !>«>  cents  r^r  yari  ani  r^roh  and 
*1  to  *!..'•»>  rier  ton.  Paving  bl-vks  foli  for  *->•>  to  *^•l•  Tier  thousand. 
The  prices  irlven  are  :n  ah   lises  f.  :•.  '«.  a:  quarries  or  sh:p:onj  o-xnt. 

l:.s7  of  GEANITE  0PEEAT«»R-< 

The  Adranc*  o-isrrr  «^.-.  r«4;-.:L-:.rr Riltixji-rr-. 

J.    n.    -\tkin«.'n -  

HaiTT  C.   C»E:;.*-e:: ..  Wii-l^i-r  H:.  -      Wi-KrHi.lf 

Inde;«^sd<^Dt   *r^±rrF   •-  • r»»:r:!ii  r         Harf  r^i  R'%al 

Wm.  M.  l^'ZLz'-j  (/-^rrr  Co •  Frank::-   Krai 

Daniel  A.  I^jZlj-T'I Ilaitl^i^r. 

M^rrland  KS'^i^rrj  •?:. Frank::c  R  '.i-l 

Th^  I.  H.  P^d:^>r.i  ic  S-.n*  '.'larrT  in-i 

TraD«frr  *'•:■ •fwym;*  Fa'.:<. 

Wm.  T.  McKrr-^r  i  •": Ba:ti:i:.:.rv\ 

The  Schwlnd  »*L3.Trj  •?  

The  nook  k  For*!  •;oii:ra::;:ir  •  •.  .  .  W.»«j^rrv  and 

I«::krvr:::.\ 

Standard  Lin*:    ^   St-iLr  •.  .z:;an:.  r^-:c*<TO  and 

r':.:k^r>"n. 

ratapjtco  Q-iarrr   •    ■.  .  E:::.:c.:t  ''i't. 

Werner  Br.* rl.lic:^'  •  i':- 

Luken«  a  Yerk-s :'Li:a.l-:' L:rt  FroDcbt-'wri 
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OPERATOB.  OFFICE.  QUARRT. 

Chas.  E.  Ehmann Baltimore    Govanstown. 

Feaney  &  Atherton Granite    Granite. 

Guilford  &  Waltersville  Granite  Co Baltimore    ** 

Miller  ft  Kirkpatrlck Guilford    Guilford. 

The  PerryvUle  Granite  Co Easton,  Pa Perryvllle. 

McClenataan  Granite  Co Port  Deposit Port  Deposit. 

J.  E.  Baker York,  Pa Phoenix. 

Thos.  B.  Gatch  &  Sons Raspburg Raspburg. 

Frank   H.   Zouck Reisterstown Reisterstown. 

John  F.  Parks Timonium    Ruxton. 

Thos.  S.  Gerry Rowlandsville   Rowlandsylllc. 

Armstrong  &  McDowell Port  Deposit " 

B.  F.  Pope  Stone  Company Baltimore    Savage. 

Frank  Peach  &  Co Woodstock Woodstock. 

Potomac  Granite  Co Washington,  D.  C Montgomery  Co. 

W.  T.  Manning Baltimore     near  Savage. 

Conway  Quarry  Company "  Lochraven. 

Thomas  R.  Martin  &  Sons Woodlawn    Franklintown. 

MARBLE. 

Marbles  are  found  in  Harford,  Baltimore,  Carroll,  Howard,  Frederick, 
and  Washington  counties.  They  may  be  roughly  divided  into  five 
classes:  the  clear  white  saccharoidal  marbles  of  Baltimore  County,  the 
variegated  fine-grained  crystalline  limestones  and  marbles  of  Carroll  and 
Frederick  counties,  and  the  decorative  marbles  found  along  the  western 
slopes  of  the  Blue  Eidge  in  Washington  County,  the  Potomac  marbles  of 
the  Frederick  valley,  the  Verde  Antique  of  Baltimore  and  Harford 
counties. 

The  Baltimore  County  marbles  are  quarried  extensively  along  the 
Northern  Central  Bail  way  about  15  miles  north  of  Baltimore  at  Cockeys- 
ville  and  Texas.  The  quality  of  the  rock  at  these  two  points  varies 
widely.  The  rock  at  Texas  is  a  coarse-grained  marble  of  nearly  pure 
lime  carbonate  with  occasional  fine-grained  beds  of  denser  color  and 
richer  in  magnesium.  It  is  not  well  suited  to  structural  work  and  is 
quarried  chiefly  for  burning  into  agricultural  lime  or  for  use  as  a  flux. 
The  rock  at  Cockeysville,  on  the  other  hand  is  a  fine-grained  dolomitic 
marble  rich  in  magnesium,  well  adapted  to  building  and  decorative  pur- 
poses. The  individual  grains  seldom  exceed  1/60  of  an  inch  in  diameter 
and  occur  closely  interlocked  producing  a  compact  hard  rock  with  high- 
crushing  strength  and  low  absorption.  The  valuable  beds  appear  to  be 
limited  in  extent  and  distributed  in  accordance  with  the  general  geolog- 
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contain  lenses  or  extensive  beds  of  white  to  yellow-white  clays  which 
frequently  show  a  high  resistance  to  fire  and  can  be  heated  up  to  the 
fusing  point  of  cone  27  without  in  many  cases  becoming  vitrified. 

The  refractor}'-ware  industry  of  Maryland  is  one  of  the  most  important 
branches  of  the  clay-working  industry  found  in  the  State.  Among  the 
more  important  products  are  fire-brick,  enameled-brick,  retorts,  stove- 
brick,  and  stove-linings.  The  fire-brick  are  made  both  in  western  Alle- 
gany  County  and  in  Baltimore.  The  manufacture  of  enameled-brick  is 
confined,  however,  to  the  former  locality.  Ketorts  are  made  in  Balti- 
more, while  stove-brick  and  stove-linings  are  largely  manufactured  in 
Cecil  County. 

ANNUAL  PRODUCTION  OF  FIRE  CLAY  PRODUCTS.   1905-1907. 


Flre-Brlok. 


AmtinM.  Value.  Price  per  M.         A^Ztu  ^Ji!S.lll*"  Total 


\Aning8.  neous. 


1906  14,042  $224,667  $16.00  $32,800  $67,771  $326,328 

1906  14.278  266.980  18.70  32.200  80.430  379.610 

1907  10.981  238,601  21.73  24,648  79.660  342.709 


The  production  of  fire-clay  products  is  large.  It  has  not  shown  any 
great  change  during  the  past  few  years,  although  larger  in  1906  than  in 
1905  and  1907.  The  price  of  fire-brick  per  M  has  increased  in  recent 
years,  being  $21.73  on  the  average  in  1907  as  against  $16  in  1905. 
The  industry  is  limited  to  three  centers,  Allegany  County,  Baltimore 
City,  and  Cecil  County. 


POTTERY  CLAYS. 

The  pottery  clays  include  materials  showing  a  wide  range  of  compo- 
sition. The  clays  suitable  for  the  manufacture  of  stoneware  are  to  be 
found  at  many  points  in  the  Patapsco  formation,  especially  in  Cecil 
County.  At  the  base  of  the  Patapsco  formation  in  the  same  county  there 
is  often  a  bed  of  bluish-gray,  very  plastic  stoneware  clay.  Aside  from 
these  Cecil  County  stoneware  clays  the  most  important  are  those  outcrop- 
ping along  the  shore  of  the  Chesapeake  from  Bodkin  Point  southward. 

Clavs  suitable  for  the  manufacture  of  yellow-ware  are  to  be  found  at 
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extent  to  sustain  a  large  and  permanent  industry  in  decorative  marbles 
in  this  part  of  the  State. 

The  "  Potomac  marble  ^^  or  '*  calico  rock "  found  along  the  eastern 
slopes  of  Catoctin  Mountain  in  Frederick  County  has  long  been  known 
and  has  been  utilized  from  time  to  time  since  the  early  part  of  the  last 
century.  These  deposits  are  of  particular  interest  from  the  fact  that 
they  have  furnished  "  the  only  true  conglomerate  or  breccia  marble  that 
has  ever  been  utilized  to  any  extent  in  the  United  States."  The  stone 
obtained  is  unique  in  character  and  pleasing  in  appearance.  The  lime- 
stone and  quartzite  pebbles  composing  the  rock  vary  in  size  from  a 
fraction  of  an  inch  to  a  foot  in  diameter,  and  in  color  from  gray  to  dark 
blue  and  contrast  strongly  with  the  dark  red  calcareous  or  silicious  matrix 
in  which  they  are  imbedded.  The  rapid  variation  in  hardness  in  the 
pebbles  and  the  matrix,  the  irregularity  of  the  beds  and  the  varying 
cohesion  of  the  cement  to  the  pebbles  make  the  extraction  and  polishing 
of  this  marble  difficult  and  costly.  The  deposits  may  be  worked  from 
time  to  time  with  success,  but  prospects  of  continued  commercial  success 
must  alwavs  remain  more  or  less  doubtful. 

Serpentine  or  "  Yerde  Antique  "  has  been  quarried  in  Maryland  for 
many  years,  but  the  annual  production  has  always  remained  small.  As 
this  rock  enters  into  competition  with  some  of  the  marble  for  interior 
decoration  it  has  frequently  been  classed  as  a  marble,  although  as  far 
as  the  Maryland  deposits  are  concerned  it  is  in  no  wise  related  to  the 
marble,  however  intimately  interwoven  with  calcite  veins  it  may  be. 
The  deposits  are  found  in  Cecil,  Harford,  Baltimore,  Howard,  and  Mont- 
gomery counties,  where  they  have  been  worked  to  a  greater  or  less  extent 
in  the  hope  of  obtaining  good  material  for  general  building  or  interior 
decoration.  The  most  thoroughly  exploited  deposits  are  those  about 
Baltimore,  at  the  Bare  Hills;  those  on  the  banks  of  Broad  Creek  in  the 
eastern  part  of  Harford  County ;  and  a  small  area  near  Cambria  in  the 
northern  part  of  the  same  county.  That  the  stone  is  capable  of  furnish- 
ing beautiful  slabs  for  decorative  purposes  has  been  clearly  proven.  The 
deposits  on  Broad  Creek  are  situated  in  the  midst  of  a  large  serpentine 
area,  which  extends  from  the  Susquehanna  southwesterly  into  Baltimore 
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Count}\  The  best  rock  is  exposed  in  an  almost  inaccessible  valley  at 
a  considerable  distance  from  any  railroad,  and  this  has  been  too  big  a 
handicap  to  permit  its  being  marketed  at  a  profit. 

The  smaller  deposits  near  Cambria,  a  small  station  on  the  Maryland 
and  Pennsvlvania  Kailroad  not  far  from  Cardiff,  are  better  situated  but 
the  quarries  are  idle  though  not  entirely  abandoned. 

VALUE  OF  THE  ANNUAL  PRODUCTION  OF  MARBLE.  1896-1907. 


Rou8:h 


Dressed 

A^ 


Rufld- 
ing. 


Monumen- 
tal. 


Misc. 


Build-    Monumcn-  Orna-     Ttit<»i.irti. 
injr.  tal.       mental,    interior. 


Total. 


1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1004 
1905 
1906 
1907 


• 


« 


« 
« 


$8,100 
30.000 
28,180 
60,000 
7.168 
91.000 
56.760 


1130.000 

116,000 

75.000 

50.000 

4.",000 


$20,000 
15.000 


$626 
300 


$40,000 
25.066 
23.814 


16,400 
8,000 


$3,000 
30,427 

■  •  •  • 

3.930 
9.405 
4.167 


90.782 
59.000 
30.000 


$3,900 
1.700 


22.549 


86,524 


$110,000 

130.000 

120.525 

77,000 

70.000 

68.100 

95,549 

83.672 

73.814 

138.404 

176,495 

98,917 


*  Statistics  incomplete  In  detail. 

The  output  of  marble  during  the  last  decade  has  been  more  or  less 
variable,  the  fluctuations  depending  chiefly  on  the  number  of  operators 
active,  and  the  increased  demand  for  structural  materials  incident  to 
rebuilding  after  the  Baltimore  fire.  The  chief  producers  during  the 
entire  period  have  been  the  quarries  of  the  Beaver  Dam  Company,  located 
at  Cockeysville,  Baltimore  County,  and  the  quarries  at  Eakles  Mills  in 
Washington  County.  The  fact  that  the  latter  quarries  were  operated 
only  part  of  the  year  has  deiroasod  inatorially  the  marble  output  for  1907. 


LIST  OP  MARBLE  OPERATORS. 

OrERATOR.  OFFICE.  QUARRY. 

Beaver  Dam  Marble  Co Bnltlmorc  Cockeysville. 

Washington  Marble  Co New  York  Eakles  Mills. 

The  Eastman  Stone  Co Baltlnioro  Whitehall. 

Baltimore  County  Marble  &  Trading  Co.  '*  Baltimore. 

Maryland-Alabama  Marble  Co N«'\v  York  Benevola. 

L.  C.  Rlnes Rakhvs  Mills   Boonsboro. 

Whiteford  Green  Marble  Co Whlteford  Cambria. 

J.  H.  C.  Watts Baltimore  Cardiff. 


128  Maryland  Mineral  Industries 

limestone. 

The  blue  and  gray  limestones  of  Paleozoic  age  have  with  a  single 
exception  never  been  quarried  in  Maryland  as  building  stones  except  for 
local  use.  The  most  important  and  in  fact  the  only  limestone  which  has 
been  used  in  prominent  buildings  is  the  Shenandoah  limestone  of  the 
Hagerstown  and  Frederick  valleys.  This  rock  is  usually  a  magnesian 
limestone  containing  alumina  and  graphite;  it  shows,  however,  a  wide 
range  in  its  composition. 

This  stone  is  usually  of  a  deep  blue  color  when  freshly  quarried  but 
upon  exposure  there  is  slowly  formed  a  thin  white  coating  over  the  face 
of  the  rock,  which  brightens  the  color  to  a  dove-gray,  thereby  greatly 
improving  the  appearance  of  the  buildings.  This  change  goes  on  uni- 
formly and  accordingly  does  not  pass  through  the  unsightly  mottled  stage. 

Many  areas  in  the  Hagerstown  Valley  ofifer  limestones  which  may  ulti- 
mately prove  of  importance  as  building  stones.  Openings  in  the  rock 
are  made  only  for  lime  at  the  present  time,  and  the  methods  of  quarry- 
ing, which  shatter  the  rock  by  heavy  charges,  make  the  exposures  look 
less  favorable  for  the  production  of  building  stone  than  is  actually  the 
case.  If  proper  care  in  extraction  were  exercised,  there  is  no  doubt  but 
that  large  blocks  of  limestone  could  be  quarried  in  many  places  through- 
out the  entire  valley,  which  would  in  some  instances  work  into  a  good 
grade  of  "  black  marble.** 

In  the  Frederick  Valley  little  has  ever  been  done  towards  quarrying 
the  blue  limestone  for  building  purposes,  as  almost  all  of  the  stone  which 
has  been  taken  out  has  been  burned  for  lime,  which  finds  a  ready  market. 
The  buildings  in  Frederick  show  that  there  has  been  some  quarrying  for 
building  material,  since  several  of  them  are  built  of  limestone  and  almost 
all  of  them  have  limestone  foundations  or  sills. 

West  of  the  Hagerstown  Valley  in  Washington,  Allegany,  and  Garrett 
counties  there  are  three  Paleozoic  limestones,  namely  the  Niagara, 
Helderberg,  and  Greenbrier.  Of  these  the  second  is  the  only  one  which 
offers  reasonable  grounds  for  expecting  good  building  material  within  its 
limits.  The  upper  massive  beds  of  the  Helderberg  which  outcrop  in 
five  or  six  small  bodies  along  the  Potomac  from  Hancock  to  Cumberland, 
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and  form  a  continuous  belt  from  the  latter  point  to  Keyser,  West  Vir- 
ginia, afford  every  indication  that  satisfactory  building  material  may 
be  obtained.  Little  if  any  work  has  been  done  in  this  formation  because 
there  have  been  no  local  demands. 

Of  tlie  two  remaining  formations  the  Niagara  is  of  such  a  nature  that 
it  cannot  be  used  at  all,  and  the  Greenbrier  is  scarcely  any  better  adapted 
to  building  purposes.  Both  formations  occur  in  valleys  with  very  few 
outcrops.  The  latter  division  has  a  single  exposure  on  the  Potomac 
between  Keyser  and  Piedmont,  West  Virginia,  and  is  imperfectly  shown 
on  Jennings  Run  and  Braddocks  Run.  It  is  also  injured  for  structural 
purposes  by  the  pyrite  which  occurs  scattered  through  it. 

The  value  of  annual  output  for  the  years  1896-1907  is  shown  in  the 
accompanying  table. 

VALUE  OP  annual   PRODTJCTION  OF  LIMESTONE.t   1896-1907. 


FlaRurlng, 

Crushed 

Sold 

Miscellaneous 

Building:. 

curbing:,  and 

road  ballast 

for  flux 

rubble 

Total. 

pavinff. 

and  concrete. 

and  lime. 

and  rip-rap. 

1896 

• 

• 

• 

• 

• 

$13,801 

1897 

• 

• 

• 

• 

• 

16,924 

1898 

$10,768 

• 

$155,714 

$3,446 

$276 

170,204 

1899 

8,896 

• 

7,292 

869 

647 

17,703 

1900 

11.385 

• 

14,343 

7,593 

2,169 

36,490 

1901 

14,138 

$1,796 

59,063 

4,707 

420 

74,724 

1902 

16,953 

1,575 

95,966 

9.097 

3,022 

126,613 

1903 

8,361 

6,748 

48,464 

1,419 

80 

65,732 

1904 

12,836 

1,036 

111.147 

2,466 

902 

128,421 

1905 

42,766 

246 

100,041 

699 

5,050 

149,402 

1906 

8.303 

779 

160,109 

• 

765 

170,046 

1907 

3,867 

170 

136,1)71 

• 

2,070 

142,552 

t  Exclusive  of  lime. 

*  Statistics  incomplete  In  detail. 

The  changes  which  have  been  made  in  the  classification  of. the  sta- 
tistics gathered  during  the  years  represented  renders  the  detailed  dis- 
cussion of  the  trade  conditions  impracticable.  These  changes  have  all 
been  made  to  facilitate  the  gathering  of  more  complete  information. 
This  end  has  been  reached  in  the  case  of  the  larger  operators  but  has 
been  only  partially  successful  with  the  smaller  producers,  many  of  whom 
are  farmers  who  quarry  only  during  those  portions  of  the  year  when 
farm  work  is  slack. 
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The  demands  for  limestone,  with  the  exception  of  that  used  for  burn- 
ing lime,  are  scattered  and  usually  arise  from  local  conditions.  These 
come  from  the  construction  of  local  buildings  and  the  limited  use  of 
limestone  in  pavements,  sidewalks,  and  as  a  flux  when  local  furnaces  are 
in  operation.  The  chief  use  of  limestone  is  as  crushed  stone  for  sur- 
facing the  roads,  for  railroad  ballast,  and  for  concrete.  The  demand 
for  road-metal  is  very  constant,  averaging  about  $40,000  a  year,  while 
that  for  railroad  ballast  and  concrete  is  quite  variable,  depending  upon 
the  improvements  made  by  the  railroads  of  the  region.  On  account  of 
the  extension  of  the  Western  Maryland  Railroad  westward  from  Cherry 
Run  this  demand  was  greatly  increased  in  1906  but  with  the  completion 
of  this  work  the  demand  is  falling  off. 

The  unit  of  measurement  for  limestone  in  the  rough  or  crushed  is  the 
short  ton  of  2000  pounds,  the  perch,  or  tlie  cubic  yard.  The  content  of 
the  perch  varies  locally  but  is  usually  considered  to  be  about  24.5  cubic 
feet  or  a  ton  and  a  quarter.  The  price  obtained  for  the  stone  also  varies 
locally,  depending  upon  its  quality  and  demand  for  the  stone  for  lime- 
burning,  and  the  proximity  of  the  quarry  to  transportation  lines.  The 
usual  range  in  price  is  from  $.70  to  $1.25  per  perch  or  from  $.60  to  $1 
per  ton,  and  this  remains  fairly  constant  from  year  to  year. 

The  largest  operations  for  crushed  limestone  are  situated  at  Pines- 
burg,  Halfway,  and  Hagerstown  in  Washington  County,  and  along  the 
railroad  in  the  vicinity  of  Frederick  from  Buckeystown  to  LeGore. 

■ 

LIST  OF  LIMESTONE  OPERATORS. 

OPERATOU.  OFFICE.  QUARRY. 

Fisher,  Riley  &  Carozza Baltimore     Green  Sprin;?  Valley. 

P.  G.  Zouck  &  Company Cavetown     Cavetown. 

J.  C.  Strock Hagerstown     Cearfoss. 

Cumberland  Hydraulic  Cement  &  Mfg. 

Company    Cumberland Cumberland. 

Henry  Kineriem "  *• 

John  D.  Crum Walkersvillc    Daysville. 

Wm.  F.  Myers Horing    Dover. 

George  F.  Miner Smithsburg    Edgemont. 

D.   M.   Shinham Hagerstown     Falrview. 

Peter  Brookey    Frederick Frederick. 

M.  J.  Grove  Lime  Company Limekiln    Frederick  and  Limekiln. 

R.    Rush    Lewis Frederick Frederick. 

Charles   A.   Councilman Glyndon   Glyndon. 

Edward  A.  Cockey  &  Son Owings  Mills    (Jwynnhrook. 
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OPERATOR.  OFFICE.  gi'ARRY. 

S.   P.   Angle Ilag^prstown     Hagerstown. 

ClarksoD  Brothers **  ** 

Hngerstown  City  Quarry **  ** 

IlngerstowD  Macadam  Company •*  '* 

D.  E.   Horst Maugansvillo     

Beverly  Granite  Company Beverly,  S.  C Halfway. 

Union  Stone  Company York,  Pa Halfway. 

Frank  P.  Little Hancock     Hancock. 

Ledore  Lime  Company LeGore I^eiJoro. 

G.  T.   Baker Marrlottsvllle    Marrlottsvllle. 

P.   P.  Zepp ••  

Daniel   U.   Miller Maugansyllle     Maugansvllle. 

D.  K.  Kramer Mt.  IMeasant Mt.  Pleasant. 

Wm.  Carbaugh   New  Windsor   New  Windsor. 

Potomac  Valley  Stone  Company Hagerstown     IMnosburg. 

D.  D.  Keedy Keedysvllle    Uohrersvllle. 

J.  Wesley  Creeger Thurmont    Thiirmout. 

Joseph  F.   Moscr "  ** 

Vernon  T.  Smith Lewlstown 

David  G.  Zentz Thurmont    ** 

Wm.  H.  Staub I'nlon  Bridge    I'nlon  Bridge. 

Mordecal  Fritz Unlontown     Union  town. 

David  Cramer Wnlkersvllle    Walkersvllle. 

Walter  C.  Zimmerman *•  

Goodwin  Lime  Company Westminster    Westminster. 

Wm.  R.  Ylngllng •  

B.  F.  Shrlver  &  Company **  

Mrs.  Catherine  Wagner •*  

Wakefield  Mill  &  Lime  Company **  

The  Maryland  Quarry  Company Wllllamsport     Wllllamsport. 

Jacob   Elchelberger    Woodsboro Woodsboro. 

SANDSTONE. 

Maryland  possesses  among  the  sandstones  and  qiiartzites  of  the  State 
several  which  have  been  quarried  locally,  but  only  one  of  these,  the 
Triassic,  has  attained  any  general  reputation.  The  fact  that  the  differ- 
ent sandstones  are  seldom  very  accessible  or  favored  by  location  along  a 
railroad  or  near  large  centers  has  doubtless  been  the  main  reason  for  the 
slight  development  of  this  industry.  Still  more  important  is  the  fact 
that  the  dark  brownstones,  which  are  the  best  situated  for  general  trade, 
have  fallen  into  disrepute  and  are  no  longer  called  for  as  formerly.  This 
change  of  taste  has  been  brought  about  by  the  uncertain  wearing  qualities 
of  sandstones  and  the  rather  sombre  tones  produced  after  exposure  to 
urban  conditions. 

The  more  important  sandstones  of  the  State  are  those  of  the  Triassic, 
which  occur  along  the  eastern  base  of  Catoctin  Mountain  in  Montgomery, 
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Frederick,  and  Carroll  counties;  the  heavy  gray  quartzites  of  the  Blue 
Ridge;  the  white  and  buff  sandstones  of  western  Washington  and  Alle- 
gany counties;  and  the  mica  schists  of  Baltimore  and  Howard  counties. 
Of  these  the  first  and  last  have  been  most  frequently  employed. 

The  Triassic  sandstone  has  been  quarried  with  more  or  less  regu- 
larity near  the  mouth  of  Seneca  Creek  since  colonial  time  and  its  use  in 
the  Smithsonian  building  at  Washington  after  most  thorough  examina- 
tion attests  its  excellence  in  color,  texture,  and  durability.  Unfortu- 
nately  the  beds  differ  among  themselves  in  color,  texture,  and  suitability, 
and  at  times  stone  from  the  different  beds  have  been  used  indiscrimi- 
nately. This  has  hurt  the  general  reputation  of  the  stone  which,  by 
careful  selection,  can  produce  entirely  satisfactory  results.  Smaller 
quarries  in  both  the  gray  and  red  sandstones  of  the  Triassic  have  been 
worked  in  the  vicinity  of  Taneytown  for  local  use,  but  the  product  has 
never  come  into  general  demand. 

The  buff  Oriskany  sandstone  of  Allegany  County  has  been  used  to 
some  extent  in  Cumberland,  but  its  lack  of  durability  caused  it  to  be 
soon  replaced  in  public  esteem  by  the  harder  white  sandstone  exposed 
in  Wills  Mountain.  This  rock  now  supplies  all  the  local  demands  for 
foundation,  backing,  and  trimmings  in  the  better  class  of  buildings  in 
Cumberland,  but  its  use  has  not  become  general  throughout  the  State. 

The  mica  schist  which  is  characteristically  developed  along  one  side 
of  the  limestone  valleys  of  Baltimore  and  Howard  counties  has  gained 
some  prominence  in  the  immediate  vicinity  of  its  occurrence  but  the 
thinness  of  its  beds  and  its  numerous  joints  has  prevented  its  successful 
introduction  into  the  general  trade. 

The  production  of  sandstone  is  slight  and  the  production  of  individual 
quarries  varies  greatly  according  to  the  local  demands.  The  greatest 
activity  during  the  last  few  years  has  been  in  the  vicinity  of  Taneytown 
where  the  quarries  are  small.  Their  output  does  not  enter  into  the 
general  trade.  The  larger  quarries  along  the  Potomac  report  little  in  the 
way  of  production  compared  with  the  amount  of  stone  available  and 
accessible. 
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The  value  of  the  annual  production  of  sandstones  from  1S96  to  1907 
is  shown  in  the  accompanying  table. 

VALUE  OF  THE  ANNUAL  PRODUCTION  OF  SANDSTONE,   l$9e-190T. 


Buildinir. 


Crushed 
road,  ndi.road. 
mnd  concrete. 


Misc. 


ToUiL 


lSli6 

• 

1S9' 

• 

1S98 

• 

1899 

$24,426 

1900 

6.655 

1901 

4.546 

1902 

7.210 

1903 

7,795 

1904 

4.342 

1905 

4.904 

1906 

3.661 

1907 

11.999 

« 


*5.96o 
1.375 

•   «   •   •    • 

SO 
lOS 
117 


$2.23U 
4,656 

s.ooo 

5.764 
1.743 


$10.713 

10,000 

13,646 

24,426 

6,655 

4,546 

15,405 

2,170 

S,998 

12,9S4 

9.533 

13.859 


*  Statistics  inconiplete  in  detail. 

LIST  OF  SANDSTONE  OPERATORS. 

OPEEATOK.  OFFICE.  QCAKKT. 

J.  C-  Brydon  Bros.  Co Graf  ton,  W.  Va Bloomln^on. 

J.  T.  Bridges  &  Co Hancock     Hancock. 

B.  8.  Randolph Berkeley  Sp^s..  W.  Va .  Dam  No.  6. 

Samnel  Spangler   Tanejtown    Komp. 

Tboa.  D.  Darby Seneca    Seneca. 

WUIIam  Clatx Taney  town    Taneytown. 

T.   H.   Eckenrode ••  •• 

James  D.  Haines -  

James  B.  Rearer **  

O.  T.  Shoemaker "  

SLATE. 

Deposits  suitable  for  the  production  of  roofing-slate  have  been  found  at 
several  points  within  the  limits  of  the  State  and  quarries  have  been 
opened  in  the  Peaehbottom  area  of  Harford  Countv.  at  Hvattstown  in 
Montgomen'  County,  and  at  Linganore  and  Ijamsville  in  Frederick 
County.  Slates  from  the  latter  county  have  proved  pleasing  in  color 
and  durable,  but  the  public  taste  has  been  educated  to  certain  character- 
istics for  slate  which  these  do  not  possess  and  they  are  of  little  or  no 
commercial  importance. 

The  only  area  of  active  operations  at  present  is  that  in  Harford 
Counts'. 

Peaehbottom  Slates. — The  slate  produced  in  the  quarries  of  the  Peach- 
bottom  district  of  Marvland  and  Penn>vlvania  is  the  most  widely  known 
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structural  material  manufactured  within  the  limits  of  the  State.  Un- 
fortunately Maryland  has  received  little  credit  for  its  share  in  the 
industry  although  the  majority  of  the  productive  quarries  are  situated 
within  its  limits.  This  has  arisen  from  the  fact  that  the  shipping  point 
for  most  of  the  quarries  and  the  residence  of  many  of  the  operators  is 
Delta,  Pennsylvania,  a  town  lying  at  the  foot  of  the  ridge  which  supplies 
the  stock  for  the  manufacture  of  slate.  Delta  is  much  larger  and  better 
known  than  its  Maryland  associate,  Cardiff,  from  which  it  is  separated 
only  by  the  State  boundary. 

The  slate  deposit  forms  a  ridge  about  a  third  of  a  mile  wide  and  nine 
to  ten  miles  long,  the  southern  third  lying  in  Maryland.  The  structure 
of  the  slate  beds  is  hard  to  make  out.  They  appear  to  lie  in  a  tightly- 
compressed  syncline,  the  slate  rock  standing  almost  vertically.  Judging 
from  the  location  of  the  quarries  Professor  Dale  thought  there  were  three 
parallel  beds  running  northeast  and  southwest,  ranging  from  75  to  120 
feet  across  the  cleavage  and  over  200  feet  in  depth.  In  the  Maryland 
portion  of  the  belt  these  beds  are  not  clearly  defined,  the  quarries  showing 
good  workable  stock  for  a  distance  of  two  or  three  hundred  feet  across 
the  cleavage. 

The  quality  of  the  Peachbottom  slate  is  well  known  to  the  trade  as  it 
has  been  widely  used  in  this  country  since  the  inception  of  the  slate 
industry.  The  stone  is  dark  bluish-gray  with  a  slightly  rough  but 
lustrous  cleavage  surface.  Its  color  is  absolutely  unfading  as  shown  by 
pieces  which  have  been  exposed  to  the  weather  for  more  than  a  century. 
It  cleaves  readily  and  works  well  for  roofing-slate.  It  is  not,  however, 
as  good  for  mill  stock  as  some  of  the  other  slates  on  the  market.  The 
strength  of  the  rock  as  determined  by  Merriam  is  greater  than  that  from 
anv  other  State. 

Frederick  County  Slates. — The  slates  which  have  been  worked  occa- 
sionally at  Ijamsville  and  Bennett  Creek,  near  Thurston,  Frederick 
County,  are  quite  different  from  those  of  the  Peachbottom  district.  The 
slates  are  purple  to  dark  blue  in  color,  possess  only  a  slight  to  medium 
sonorousness  or  "  ring/'  and  are  so  soft  that  some  at  least  can  be  sawn 
by  hand.    They  are  composed  essentially  of  sericitic  mica,  chlorite,  and 
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small  amounts  of  other  minerals.  Some,  if  not  all  of  these  slates  which 
have  been  worked  at  several  points  along  a  belt  extending  from  near 
Dickerson,  Montgomery  County,  to  Union  Bridge,  Carroll  County,  are 
clearly  old  volcanics,  flows  and  tufts,  wliich  have  been  so  changed  as  to 
present  the  appearance  of  metamorphosed  sediments.  The  only  deposit 
of  these  slates  worked  within  recent  vcars  is  that  of  the  Bennett  Creek 
Slate  Company  near  Thurston,  a  small  town  at  the  foot  of  Sugar  Loaf 
Mountain.  This  is  at  some  distance  from  the  railroad  and  its  quality 
is  not  such  as  to  permit  the  operators  to  overcome  this  handicap  and 
compete  with  the  other  slates  in  the  general  market. 

The  annual  production  increased  steadily  from  1896  to  1905  when  the 
output  was  more  tlian  twice  that  of  the  earlier  date.  During  1906  and 
1907  the  output  lias  fallen  off  owing  to  the  closing  down  of  the  Excelsior 
Quarry  in  1905  and  two  serious  '*' slides,"  one  in  the  quarries  of  the 
Proctor  Slate  Company  in  1906,  the  other  in  the  Rees  Quarry  of  the 
Pcachbottom  Slate  Company  of  Harford  Coimty  in  1907.  The  amount 
and  value  of  the  annual  production  from  1896  to  1907  are  given  in  the 
accompanying  table.    ■ 


quantity  and  VAUK  ok  THK   AXNTAL  I'RODrCTION   OF   SLATE.    1800-1907. 


KooflnHT  slate. 

Avera>ro 

Milled  8tock 

Total 
value. 

Number  of 

Value. 

price  iMjr 

and  misc. 

squHres.* 

■ 

Hquare. 

value. 

i.sor» 

li'),r».">7 

$70,104 

$4.40 

$1,048 

$72,124 

1807 

11.50l> 

53.040 

4.57 

800 

53.030 

1808 

i8.:<:iL' 

80.7S0 

4..3r. 

1.454 

82.240 

1800 

20.100 

00.807 

4.50 

2.008 

03,505 

1000 

27,158 

120.271 

4.05 

2,402 

128.073 

1001 

20.153 

104.781 

5,10 

1.017 

105,708 

1002 

22.509 

117.155 

5.10 

020 

118.084 

1003 

24.475 

135,424 

5.53 

2.207 

137,031 

1004 

22.028 

131.24.-I 

5.80 

2.727 

133.072 

ioor» 

25,845 

140,315 

5.77 

1.000 

151.215 

1000 

25.288 

120.005 

5.13 

1.004 

1.30,000 

1007 

21,815 

113,005 

5.21 

2,305 

110.000 

•  The  numl>er  of  plt^cos  In  ;i  sqMuro  vmios  from  080  to  85  acoordinj?  to  their  size. 

The  number  of  squares,  as  given  in  the  table  includes  both  first  and 
second  qualities  and  the  average  price  per  square  does  not  give  a  fair 
indication  of  the  prices  obtained  for  most  of  the  stock.  The  output  is 
about  90'/  No.  1  slates,  for  ^vhi(.•h  the  price  ]>vy  S(|iiare  varies  according 
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to  the  size.  The  average  is  something  over  $6  for  the  first  quality  and 
$3.25  to  $3.50  for  No.  2  slates.  During  1905  the  price  reached  as  high 
as  $6.90  per  square  from  certain  quarries,  when  the  average  for  individual 
producers  reached  over  $6.60. 

The  stock  during  1907  has  been  sold  to  a  warehouse  and  selling  asso- 
ciation composed  of  the  more  prominent  producers  of  the  region.  This 
has  helped  to  maintain  more  uniform  prices. 

LIST  OF  SLATE  OPERATORS. 

OPERATOR.  OFFICE.  QUARBT. 

Baltimore  Peach  Bottom  Slate  Company. Baltimore    Cardiff. 

Cardiff  Peach  Bottom  Slate  Mtg,  Co Delta,  Pa ** 

Excelsior  Slate  Co.  of  Harford  County . .         **  " 

Peach  Bottom  Slate  Co.  of  Harford 

County "  " 

Peerless  Slate  Co "  ** 

The  Proctor  Slate  Co "  

South  Delta  Peach  Bottom  Slate  Co **  ** 

Bennett  Creek  Slate  Co Washington,  D.  C Thurston. 

CRUSHED  STONE. 

The  increase  in  the  demand  and  production  of  crushed  stone  during 
the  last  few  years  is  one  of  the  most  prominent  features  brought  out  by 
the  figures  dealing  with  the  stone  industry  of  the  State.  This  material 
is  used  exclusively  for  road-making,  railroad  ballast,  and  concrete. 

RoadrmatericLls, — ^The  materials  used  in  road  construction  within  the 
State  vary  widely  in  character,  the  question  of  transporiiation  being  so 
important  a  consideration  that  the  best  materials  for  this  purpose  cannot 
be  used  in  regions  far  removed  from  the  sources  of  supply. 

The  best  road-material  is  the  crushed  basic  igneous  rock  commonly 
known  as  trap,  which  is  found  throughout  the  Piedmont  Plateau.  This 
occurs  in  several  types  and  includes  gabbro,  peridotite  and  pyroxenite, 
or  their  alteration  product  serpentine,  and  diabase.  The  gabbro  or 
"  nigger  head  ^^  rock,  as  it  is  locally  called,  is  most  widely  distributed, 
occurring  in  extensive  areas  in  Cecil,  Harford,  Baltimore,  Howard,  and 
Montgomery  counties.  This  rock  is  tough  and  difficult  to  work  but 
affords  a  valuable  and  permanent  road-metal.  It  varies  in  value  accord- 
ing to  its  texture,  the  more  even-grained  granular  varieties  proving  the 
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most  satisfactory.  The  peridotites  and  pyroxenites  occur  in  close  asso- 
ciation with  the  gabbro  but  are  not  as  extensively  developed.  They  are 
more  easily  worked  than  the  gabbro  but  do  not  have  its  wearing  qualities. 
Diabase,  which  has  proved  most  useful  for  road-building  purposes  in 
New  England  and  New  Jersey,  occurs  in  Maryland  in  long  narrow  out- 
crops in  Baltimore  and  Howard  counties  and  in  more  extensive  areas  in 
Frederick  and  Montgomery  counties.  The  largest  areas  are  found  near 
the  northern  border  of  the  state  in  the  vicinity  of  Emmitsburg.  The 
chief  cementing  material  in  all  of  these  igneous  rocks  is  the  hydrous 
oxide  of  iron.  The  statistics  for  the  output  of  "  trap "  are  included 
under  the  head  of  granite. 

A  second  group  of  road-building  materials  includes  the  marble,  lime- 
stone, and  calcareous  sandstones  and  shales.  Rocks  of  this  character  are 
found  over  widely  separated  areas  throughout  the  Piedmont  Plateau  and 
the  Appalachian  Region,  the  most  extensive  and  available  deposits  being 
found  in  the  long  narrow  valleys  north  of  Baltimore  City  and  in  the 
broader  Frederick  and  Hagerstown  valleys  farther  west  The  cementing 
material  in  these  rocks  is  the  carbonate  of  lime.  The  rocks  are  easily 
worked  but  do  not  possess  the  durability  of  the  igneous  rocks  when  used 
as  road-metal. 

A  third  group  of  road-building  materials  competing  with  the  crushed 
stone  and  used  where  the  latter  is  too  expensive  includes  the  gravels  and 
marls  of  the  eastern  and  southern  portions  of  the  State.  They  belong 
to  the  late  Mesozoic  and  Cenezoic  formations  and  cover  extensive  areas 
in  Cecil,  Kent,  Queen  Anne's,  Talbot,  Anne  Arundel,  Calvert,  Prince 
George's,  and  Charles  counties,  and  with  lessening  importance  extend 
into  the  more  southern  counties  of  the  State.  The  gravels  are  rich  in 
iron  and  the  marls  in  carbonate  of  lime,  which  act  as  cementing  ma- 
terials. They  afford  less  permanent  road-metal  than  the  igneous  rocks, 
but  when  properly  used  are  of  great  value  in  road-construction. 

The  granites  and  schists  of  the  Piedmont  Plateau  and  the  sandstones 
and  shales  of  the  Appalachian  region  are  employed  for  road-building 
purposes  and  are  proving  of  local  importance  though  lacking  the  cement- 
ing qualities  of  the  materials  of  the  three  groups  above  described. 


138  Maryland  Mineral  Industries 
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Ballast  and  Concrete, — The  materials  used  for  railroad  ballast  and 
concrete  are,  with  the  exception  of  the  marls,  the  same  as  those  employed 
in  road-construction.  Since  a  high  bonding  power  is  not  required  in 
railroad  work  and  since  cementing  material  is  added  in  concrete  the 
requirements  are  somewhat  different  from  those  of  good  road-metal. 
Granite,  gneiss,  and  the  more  silicious  rocks  are  equally  serviceable  with 
the  traps  and  limestones  in  making  concrete,  and  because  of  their  more 
general  distribution  are  more  commonly  used,  especially  when  the  cost  of 
crushing  and  transportation  become  important. 

During  the  earlier  years  of  gathering  statistics  the  industry  of  crushed 
stone  was  not  sufficient  to  call  for  the  separation  of  the  output  according 
to  its  use  and  the  figures  are  accordingly  given  for  the  total  annual  value 
of  esich  product.  The  following  table  shows  the  remarkable  increase  in 
annual  production  during  the  last  decade. 

VALUE  OF  THE  ANNUAL  PRODUCTION  OF  CRUSHED  STONE,  1896-1907. 


Oi 

ranlt«,  trap,  goeltt. 

A 

Lim«»ton«. 

A 

SADdtioiia. 

T/.ffal 

RowA. 

BallMt. 

> 

Concr«t«. 

B<Md. 

BftlUiit. 

Ci>iicr«t«. 

Boa<i. 

BallARt.    Oiiirretc. 

*■ 

J 

t. 

J 

• 

1897 

$41,999 

Y 
• 

$41,909 

1898 

83.888 

$155,714 

• 

239,602 

1899 

106,636 

7,292 

• 

113,928 

1900 

84,151 

A 

14,342 

A 

•    • 

• 

98,493 

1901 

$37,962 

13,092 

$50,404 

$43,887 

8.000 

$1,776 

155,121 

1902 

74.522 

25,535 

54,704 

74.205 

17,161 

4,600 

$10 

$4,500     $1,455 

256.692 

1908 

60,664 

87.771 

122,120 

18,102 

15.356 

15,006 

m   m 

$1,375 

270,394 

1904 

128,672 

5,537 

137.102 

31,144 

34,837 

45,166 

m    • 

382,458 

1905 

133,599 

8,046 

212.592 

31.823 

36.210 

32,608 

•    • 

80       

454,958 

1906 

125,655 

5,803 

171,869 

80,582 

110.503 

19.024 

8 

100       

463,544 

1907 

280,741 

29,717 

492,846 

66,248 

61.881 

8,842 

10 

107 

940.392 

*  Statistics  Incomplete  In  detail. 

LIME  AND  CEMENT. 

The  various  limestones  and  marbles  of  the  State  already  described  in 
discussing  the  stone  industry  are  much  more  important  as  the  foundation 
of  the  lime  and  cement  industries.  Both  lime  and  cement  are  obtained 
from  limestone  and  marble,  and  plants  for  their  manufacture  are  scat- 
tered widely  over  the  central  and  western  parts  of  the  State,  the  raw 
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iiiatcirial  wliich  is  worked  occurring  in  Baltimore,  Carroll,  Frederick, 
Wasliington,  and  Allegany  counties.  Plants  for  the  burning  of  lime  are 
found  in  each  of  these  counties  as  well  as  in  Howard,  while  mills  for 
cement  have  hitherto  been  limited  to  Washington  and  Allegany  counties, 
where  there  are  good  deposits  of  magnesian  limestone  suitable  for  the 
manufacture  of  natural  cement.  Many  of  the  limestones  are  admirably 
adapted  to  the  manufacture  of  Portland  cement  and  hydra  ted  lime  but 
their  manufacture  in  Maryland  is  only  just  projected. 

'J'lio  "high  lime"  and  "magnesia'^  limestones  are  often  intimately 
assr)ciatcd  and  thev  occur  toijether  in  all  the  above-mentioned  counties. 
The  former  is  especially  adapted  to  the  manufacture  of  building  and 
hvdrated  lime  and  Portland  cement,  while  the  latter  has  been  extensivelv 
used  as  a  natural  cement  rock. 

LIME. 

The  burning  of  limestone  at  a  temperature  850-1000°  C.  causes  the 
loss  of  the  contained  carbon  dioxide  and  the  mass  is  changed  to  caustic 
lime,  which  is  valuable  for  its  cementing  power  and  its  action  as  a 
fertilizer  when  applied  to  the  soil. 

When  this  calcined  or  burned  lime  is  exposed  to  air  or  moisture  it 
slakes  or  loses  its  caustic  ])ropcrties  by  the  absorption  of  the  moisture  and 
carbon  dioxide  from  the  air  and  ultimately  becomes  once  more  a  calcium 
carbonate  as  it  was  before  it  was  burnt.  The  properties  possessed  by  the 
burned  lime  varies  with  the  ])urity  of  the  original  rock.  If  this  was  a 
pure  carbonate  of  lime  the  caustic  lime  will  contain  nothing  but  lime. 
These  and  such  limes  as  contain  less  than  5!V'  of  impurities  as  magnesia, 
silica,  and  ahiinina  are  called  "  high  limes'^  or  "  fat  limes.''  Those  con- 
taining rnore  llian  this  amount  are  called  "lean*'  or  magnesian  limes. 
Most  of  the  lime  burnt  in  Maryland  belongs  to  the  first  class,  which  is 
especially  esteemed  by  ])uilder?  and  farmer>. 

The  liincstonr's  used  Ijv  most  of  the  larger  ojierators,  as  shown  by  their 
publislied  analyse^,  an-  very  jnnv.  and  tlie  lime  jtrodiici'd  is  said  to  run 
fully  1)8'"/  pure  lime. 

The  limo-])urning  industry  is  iii«»sr  extensively  devel«)])ed  in  tlu'  Frede- 
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rick  Valley,  which  supplies  two-thirds  of  all  the  lime  produced  in  the 
State.  Following  the  Frederick  Valley  in  decreasing  importance  are 
Baltimore,  Washington,  Carroll,  Allegany,  and  Howard  counties. 

The  value  of  the  production  of  lime  by  counties  during  1907  is  as 
follows : 

Frederick    $261,423 

Baltimore    95,030 

Washington    22,366 

Carroll     14,835 

Allegany  and  Howard 1,060 

$394,714 

The  value  of  the  annual  production  of  lime  from  1896  to  1907  is 
given  in  the  accompanying  table : 

table  of  annual  production  of  limb  for  the  years  1896-1907. 

1896  $250,477  1902         $326,417 

1897  182,441  1903  320.494 

1898  263,449  1904  309,079 

1899  217,522  1905  360,247 

1900  281,717  1906  350,460 

1901  307,667  1907  394,794 

The  figures  of  this  table  show  that  during  the  period  there  has  been 
a  steady  increase  in  the  production,  which  reached  its  maximum  in  1907, 
when  the  output  exceeded  that  of  the  previous  year  by  more  than  12^. 

A  closer  study  of  the  returns  for  the  year  1907  reveals  several  inter- 
esting facts.  The  units  of  measurement  vary  somewhat  but  the  common 
practice  is  to  use  the  standard  bushel  of  2150.42  cubic  inches.  The 
measurement  is,  however,  generally  made  by  weight,  on  the  basis  of  80 
pounds  to  the  bushel.  At  Texas  and  Cockeysville  the  bushel  is  estimated 
at  90  pounds.  In  a  single  instance  sales  have  been  made  on  the  basis 
of  70  pounds  to  the  bushel.  Some  of  the  larger  producers  sell  in  bulk 
by  the  ton  which  is  figured  as  the  equivalent  of  25  bushels. 

The  price  per  bushel  varies  with  the  locality  and  with  the  quantity 
and  quality  of  the  product  sold.  The  figures  range  from  7^  to  16  cents 
per  bushel  f.  o.  b.  at  the  point  of  shipment.  Nearly  half  of  the  producers 
quote  at  12  cents.    The  higher  prices  are  obtained  in  the  Texas-Cockeys- 
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ville  region,  the  lowest  in  inaccessible  portions  of  the  State,  where  the 
lime  is  of  inferior  quality. 

Most  of  the  burning  is  done  in  mixed  feed,  vertical,  continuous  kilns, 
or  in  the  more  rural  districts  in  intermittent  kilns,  with  coal,  wood,  or 
coke  as  fuel.  The  reports  indicate  that  pea  coal  or  anthracite  siftings 
are  most  popular  and  that  it  requires  a  ton  of  coal  for  every  100  bushels 
or  4  tons  of  lime.  A  ton  of  coke  appears  to  do  the  work  of  one  and  a 
third  tons  of  coal ;  and  a  cord  of  wood  that  of  a  third  of  a  ton  of  coal. 
At  the  prevailing  prices  the  fuel  charge  is  from  4  to  6  cents  per  bushel, 
and  the  total  cost  of  burning,  including  the  labor,  from  5  to  7i  cents  per 
bushel.  This  leaves  a  fair  margin  for  the  operator  where  the  conditions 
are  otherwise  favorable. 

The  lime  obtained  in  Maryland  is  used  almost  exclusively  for  agricul- 
tural purposes  and  as  building  mortar.  Nearly  75^  of  the  lime  produced 
is  used  as  a  fertilizer,  the  remainder  being  used  chiefly  in  building,  a 
small  amount  going  to  chemical  works  or  being  used  for  miscellaneous 
purposes.  The  farmers  expect  as  high-grade  a  lime  for  fertilizer  as  is 
demanded  for  building  purposes  but  this  is  not  always  secured,  judging 
from  the  lower  value  per  bushel  assigned  to  agricultural  lime,  wherever 
the  grades  are  specified  in  the  reports.  The  use  of  lime  as  a  fertilizer 
received  a  serious  setback  with  the  introduction  of  the  more  popular 
phosphates  wliich  yield  a  more  rapid  return  for  the  investment.  There 
seems,  however,  to  be  a  renewed  interest  in  the  use  of  lime  and  many 
farmers  are  returning  to  the  practice  of  liming  their  fields.  Should  this 
movement  become  more  general  it  will  have  a  stimulating  influence  on 
the  lime  industry. 

CEMENT. 

The  burning  of  limestones  too  rich  in  silica,  alumina,  and  magnesia 
for  high-grade  lime  if  carried  to  the  point  of  vitrification  yields  a  slag 
or  clinker  which,  when  ground,  acquires  hydraulicity  or  the  power  to  set 
when  mixed  with  water.  Such  hvdraulic  cement  has  been  extensivelv 
manufactured  from  the  limestones  of  the  Cavuo^an  formations  near  Han- 
cock,  Cumberland,  and  Pinto,  and  from  certain  beds  of  the  Shenandoah 
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limestone  near  Sharpsburg.  The  products  from  these  industries  have 
had  an  excellent  reputation  and  have  been  largely  employed  both  within 
and  without  the  State.  During  the  last  few  years  several  factors  have 
seriously  affected  this  industry.  The  burning  of  the  mill  of  one  of 
the  larger  operators  and  the  occupation  of  its  site  by  the  extension  of 
the  Western  Maryland  Eailroad  has  greatly  reduced  the  output.  Still 
more  important  has  been  the  general  change  in  practice  by  which  Port- 
land cement  has  supplanted  the  use  of  natural  or  rock  cement.  This  has 
led  to  the  temporary  abandonment  or  conversion  of  most  of  the  cement 
plants  within  the  State.  The  change  will,  however,  have  but  a  temporary 
effect  upon  the  cement  industry  in  Maryland  since  there  are  many  exten- 
tive  deposits  admirably  adapted  to  the  manufacture  of  Portland  cement, 
and  already  several  large  mills  for  the  manufacture  of  this  product  have 
been  started  and  others  are  ready  to  enter  the  field  as  soon  as  the  indus- 
trial and  financial  conditions  become  more  favorable.  The  erection  and 
operation  of  Portland  cement  plants  such  as  are  now  proposed  will  have 
a  stimulating  influence  on  the  whole  industrial  activity  of  the  State. 

The  following  table  shows  the  quantity  and  value  of  the  annual  pro- 
duction : 

annual  production  and  value  of  cement  (NATURAL  AND  SLAG), 

1896-1907. 


Barrels. 

Average  price. 

Value. 

1896 

250.000 

10.46 

$115,000 

1897 

200.000 

.52 

104,000 

1898 

307,475 

.44 

136.489 

1899 

372.000 

.42 

154.800 

1900 

343,070 

.41 

140,028 

1901 

358,329 

.54 

180,665 

1902 

423,200 

.38 

161,180 

1903 

279,957 

.53 

148.619 

1904 

70,000 

.51 

36,250 

1905 

61.324 

.54 

3.3.494 

1906 

66,350 

.49 

32,675 

1907* 

•  •  • 

♦  The  figures  for  1907  caDnot  be  given  without  disclosing  the  product  of  individual 
operators  since  three  or  more  plants  have  not  reported  production  during  the  year. 
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The  value  of  the  annual  production  of  sandstones  from  1896  to  1907 
is  shown  in  the  accompanying  table. 

value  of  the  annual  rRODUCTION  OF  SANDSTONE,  1896-1907. 

Crushed 
lluildintf.  road,  railroad.  Misc.  Total, 

and  concrete. 


1896 

* 

1897 

* 

1898 

* 

1899 

$24,426 

1900 

6.655 

1901 

4.546 

1902 

7.210 

1903 

7.795 

1904 

4,342 

1905 

4,904 

1906 

3,661 

1007 

11,990 

* 

*  * 

*  * 


•  ?10.713 

10,000 
13,646 
24,426 


6.665 

4,546 

$5,965  12.230  15,405 

1,375                        2,170 

4,656  8,098 

80  8,000  12,084 

108  5.764  9,533 

117  1.743  13.859 


*  Statistics  incomplete  In  detail. 

LIST  OF  SANDSTONE  OPERATORS. 

OrERATOB.  OFFICE.  QUABBY. 

J.  C.  Brydon  Bros.  Co Grafton,  W.  Va Bloomington. 

J.  T.  Bridges  &  Co Hancock     Hancock. 

B.   S.   Randolph Berkeley  Spgs.,  W.  Va. Dam  No.  6. 

Samuel  Spanf;ler    Taneytown     Kump. 

Thos.  D.  Darby Seneca    Seneca. 

William  Clutz Taneytown    Taneytown. 

T.   H.   Eckenrode "  " 

James  D.  Haines **  " 

James  B.  Reaver "  ** 

O.  T.  Shoemaker **  '* 

SLATE. 

Deposits  suitable  for  the  production  of  roofing-slate  have  been  found  at 
several  points  within  the  limits  of  the  State  and  quarries  have  been 
opened  in  the  Peachbottom  area  of  Harford  County,  at  Hyattstown  in 
Montgomer}'  County,  and  at  Linganore  and  Ijamsville  in  Frederick 
County.  Slates  from  the  latter  county  have  proved  pleasing  in  color 
and  durable,  but  the  public  taste  bars  been  educated  to  certain  character- 
istics for  slate  which  these  do  not  possess  and  they  are  of  little  or  no 
commercial  importance. 

The  only  area  of  active  operations  at  present  is  that  in  Harford 
Countv. 

Peachhottom  Slates. — The  slate  produced  in  the  quarries  of  the  Peach- 
bottom  district  of  Maryland  and  Pennsylvania  is  the  most  widely  known 


144  Marylaxd  Mineral  Industries 

OPERATOR.  OFFICE.  QUARRY. 

Wm.   H.   Hyde Union  Bridge   Union  Bridge. 

Wm.  H.  Staub "  

Mordecai  Fritz Uniontown    Uniontown. 

Milton   S.  Zimmerman Walkersville    Walkersville. 

Walter  C.  Zimmerman "  " 

David  A.  DevllblsB "  

Goodwin   Lime  Company Westminster    Westminster. 

Wm.  B.  Tingling "  

David  Robertson "  

B.  F.  Shrlver  &  Company "  *• 

Wm.  A.  Roop "  

Mrs.  Catherine  Wagner "  " 

Wakefield  Mill  &  Lime  Company "  

Charles  F.  Treacher Cumberland Winchester  Bridge. 

S.  W.  Barrlck  &  Son Woodsboro     Woodsboro. 

Jacob  Eichelberger " " 

FLINT  AND  FELDSPAE. 

Maryland,  as  a  State,  is  well  provided  with  porcelain  materials  such 
as  flint  or  vein  quartz,  feldspar,  and  kaolin.  These  are  chiefly  developed 
in  central  Maryland  and  mined  in  this  region  only.  They  are  abundantly 
present  over  wide  areas  but  only  occasionally  are  they  sufficiently  free 
from  colored  minerals  and  coloring  matter  to  meet  the  requirements. 

FLINT. 

The  flint  or  quartz  is  derived  from  unusually  large  and  pure  masses  of 
vein  quartz  or  from  portions  of  the  gneiss  and  granite  along  their  con- 
tact where  the  original  rocks  have  been  reduced  to  white  pulverulent 
quartz.  Flint  has  been  sought  most  successfully  in  Cecil,  Harford,  Balti- 
more, and  Howard  counties.  Most  of  the  material  occurs  as  veins  inter- 
secting the  country  rock,  generally  gabbro,  serpentine,  or  granite.  Where 
the  vein  quartz  is  utilized  it  is  necessary  to  grind  the  material  to  a  flour 
and  to  facilitate  this  grinding  it  is  customary  to  roast  the  blocks  of 
quartz  and  then  cool  them  suddenly  by  pouring  on  water,  as  is  done  at 
the  flint  works  at  Conowingo,  Cecil  County.  The  flint  from  the  granite- 
gneiss  contacts  require  no  roasting  but  need  to  be  ground  to  a  flour  to 
meet  requirements.  The  flint  flour  is  shipped  in  bags  to  different  points 
within  and  without  the  State,  chiefly  to  Trenton,  New  Jersey,  where  it  is 
employed  in  the  manufacture  of  porcelain,  crockeryware,  wall  and  sand- 
paper, scouring  soap,  tiles,  and  paints. 
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feldspar. 

The  feldspar,  or  "  spar  ^\  occurs  in  pegmatite  dikes  which  are  found 
abundantly  developed  throughout  the  eastern  portion  of  the  Piedmont 
plateau  in  Cecil,  Harford,  Baltimore,  Carroll,  and  Howard  counties.  The 
material  mined  is  either  microcline  or  orthoclase  furnishing  the  so-called 
"  potash  spar,"  or  a  plagioclase  furnishing  the  "  soda  spar.''  The  pres- 
ence of  pegmatite  dikes  in  which  these  minerals  occur  may  be  easily 
recognized  by  the  numerous  coarse-grained  boulders  scattered  over  the 
surface  or  by  the  chalky  white  streaks  in  the  road-cuts.  They  are  very 
frequently  found  near  the  borders  of  the  serpentine,  gabbro,  or  granite, 
and  occasionally  in  the  marbles.  The  valuable  dikes  are  those  in  which 
the  "  spar  "  is  free  from  colored  minerals  and  relatively  free  from  quartz. 
Pegmatites  of  this  character  are  being  worked  in  Cecil  County  along  the 
Mason  and  Dixon  Line  and  in  the  valley  of  the  Patapsco  in  Baltimore 
and  Howard  counties.  All  of  the  material  has  to  be  hand-culled  to  free 
it  from  ferruginous  matter  which  would  stain  the  potteryware  during 
burning  and  the  output  is  shipped  in  a  crude  state  chiefly  to  Trenton, 
N.  J.,  Wilmington,  Del.,  Baltimore,  and  East  Liverpool,  Ohio,  where  it  is 
ground  and  used  in  the  extensive  pottery  works. 

LIST  OF  FLINT  AND  FELDSPAR  OPERATORS. 

OPERATOR.  OFFICE.  QUARRY. 

A.   M.  Benzlnger Woodstock Woodstock. 

W.  Howard  Brown "  *• 

Cavey  &  Cavey "  " 

Deland  MiDlng  &  MUling  Company Havre  de  Grace Baldfriar. 

Harry  Falrbank  Woodstock  Woodstock. 

Alpheus   F.   Ide "  

John  Mitchell "  

Parlett  &  Parlett "  

Bead  &  Cavey "  

E.  E.  Fagan Gwynn  Oak,  Baltimore .  HoUofields. 

Wm.  T.  French Woodlawn  Station  ....  Woodlawn. 

Golding  Sons  Co Trenton,  N.  J Rock  Springs  and 

Davis  Station. 

Guilford  &  Waltersville  Granite  Co Baltimore    Woodstock. 

W.  F.  Patterson  &  Son Henryton   Henryton. 

Thomas  &  Son Westminster    Westminster. 

Eureka  Mining  &  Operating  Company. .  .Trenton,  N.  J Granite. 

Pennsylvania  Feldspar  Company Philadelphia    Conowingo. 

Maryland  Silicate  Mills Baltimore    Louisville. 

H.  Clay  Whiteford  &  Co Fllntville   Flintville. 

Glen  Morris  Supply  Company Glen  Morris    Glen  Morris. 

Harford  County  Flint  Company Conowingo     Conowingo. 


146 


Maryland  Mineral  Industries 


The  following  table  brings  out  the  unevenness  of  this  unusual  mineral 
industry.  The  figures  show  a  considerable  and  irregular  range  in  the 
quantities  produced  in  different  years  and  the  value  of  that  which  was 
sold.  Part  of  this  irregularity  is  real,  part  is  due  to  the  fact  that  many 
of  the  operators  quarry  or  mine  in  a  small  way  without  keeping  accu- 
rate records  of  amounts  obtained  or  prices  asked.  According  to  the 
figures  the  average  price  per  ton  of  the  crude  flint  has  varied  from  $4 
in  1902  to  $.88  in  1907,  and  that  of  the  ground  from  $8.26  in  1903  to 
$6.59  in  1907.  The  average  price  of  crude  feldspar  has  been  more 
constant,  ranging  from  $3.10  in  1903  to  $3.82  in  1907.  This  latter 
figure  was  exceeded  by  a  few  cents  in  1904,  but  this  may  have  been  due  to 
the  inclusion  of  a  small  amount  of  ground  spar  with  the  crude.  The 
falling  off  in  the  production  of  flint  in  1907  has  been  due  to  the  destruc- 
tion by  fire  of  two  of  the  plants  and  the  burning  of  the  bridge  across  the 
Susquehanna  river  between  the  mill  and  some  of  the  producers,  more 
than  to  a  marked  decrease  in  demand. 

ANNUAL  production  AND  VALUES  OF  FLINT  AND  FELDSPAR. 


QaartB  (FltBtj 

1. 

Peldsper. 

A 

ToUl 

Grade 
qaentltj  lone. 

Value. 

ATerece 

price 
per  ton. 

Oronnd 
qeeatitjr. 

▼eine. 

Averese 

price 
per  ton. 

ToUl. 

f 

Orode 
qnentlty  ton*. 

Arerece 

price 
per  ton. 

Yelae. 

flint 

end 

feldgper. 

1900 

1.904 

$2,975 

$1.56 

4.400 

$27,300 

$6.25 

$30,275 

1.643 

$1.90 

$3,145 

$33,420 

1901 

1,818 

2,929 

•    •    • 

5,030 

37,000 

7.35 

39,929 

[3.500] 

■    •    • 

[6,000] 

45.929 

1902 

1.835 

7,436 

4.00 

8,500 

66,700 

7.83 

74,136 

5,560 

1.60 

9,100 

83,236 

1003 

1.055 

2,475 

2.34 

8,480 

69,880 

8.26 

72,355 

4,591 

3.10 

14.543 

86,898 

1904 

720 

2.177 

3.00 

6,524 

44,100 

6.75 

46.277 

13,492 

3.90 

52,590 

98,867 

1905 

1,050 

2,637 

2.50 

6,450 

45,700 

7.10 

48.337 

7,768 

3.50 

27,215 

76.552 

1906 

1,050 

2,725 

2.68 

11,200 

89,600 

8.00 

92.325 

10,229 

3.37 

34,607 

126,832 

1907 

1,370 

1,100 

.88 

5,650 

37,250 

6.59 

38,350 

13,729 

3.82 

52.510 

90.860 

SAND  AND  GRAVEL. 

Sand,  and  to  a  less  extent,  gravel,  are  widely  distributed  throughout 
the  State,  tlie  better  grades  being  found  chiefly  in  the  Cretaceous,  Ter- 
tiary, and  Quaternary  formations  of  the  Western  and  Eastern  shores  and 
in  the  Paleozoic  formations  of  western  Marvland.     Sand  also  occurs  on 

ft/ 

the  beds  of  the  tidal  streams  and  estuaries,  from  which  it  has  been  ex- 
tensively dredged  in  recent  years.     The  sands  of  Maryland  are  employed 
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as  building-sand,  glass-sand,  molding-sand,  engine-sand,  and  in  the 
manufacture  of  sand-lime  brick.  Gravel  and  sand  are  used  also  for 
concrete  work  and  at  times  for  road-building. 

Bnilding'SancL — Building-sand  is  the  most  widely  distributed  type  of 
sand  and  occurs  adjacent  to  nearly  all  of  the  leading  centers  of  popula- 
tion. Sand  of  homogeneous  texture  but  not  of  remarkable  purity  is 
required  for  use  in  making  mortar.  Building-sand  is  in  part  secured 
from  tlie  various  geological  deposits  in  place  and  in  part  dredged  from  the 
beds  of  the  streams  and  estuaries  where  the  sorting  properties  of  the 
water  have  produced  large  accumulations  of  relatively  pure  sand.  The 
Coastal  Plain  deposits  of  Cretaceous,  Tertiary,  and  Quaternary  age 
afford  good  building-sand  although  much  the  larger  amount  for  use  in 
Baltimore  Citv  has  been  secured  in  recent  vears  from  the  beds  of  the 
tidal  streams  and  estuaries  in  Baltimore  and  Anne  Arundel  counties,  and 
from  the  bed  of  the  Potomac  Eiver  in  Prince  George's  County  for  use  in 
Washington. 

Concrete  Sand  and  GraveL — With  the  great  increase  in  the  use  of 
Portland  cement  the  demand  for  sand  and  gravel  in  concrete  construction 
has  grown  largely  in  recent  years  and  they  are  destined  to  have  a  far 
greater  use  for  this  purpose  in  the  future.  The  sand  used  is  similar  to 
that  employed  as  building-sand  and  both  are  supplied  from  the  same  pits. 
The  most  important  gravel  beds  occur  in  the  Cretaceous  and  Quaternary 
deposits  and  are  found  largely  along  a  belt  extending  from  the  northern 
section  of  the  State  to  the  District  of  Columbia  striking  across  the  head 
of  tide,  and  between  the  various  tidal  streams  and  estuaries  of  the  same 
area  although  sj)reading  both  to  the  east  and  west  along  the  divides. 

Glass-Sand. — (ilass-sand  is  found  in  the  Cretaceous  (Magothy  forma- 
tion) deposits  of  Anne  Arundel  County  and  in  the  Silurian  (Tuscarora 
formation)  and  Devonian  (Oriskany  formation)  deposits  of  Washington 
and  Allegany  counties.  The  glass-sand  of  Anne  Arundel  County  is 
chiefly  confined  to  the  upper  part  of  the  Severn  River  region  where  it 
has  been  oxtensivolv  worked  on  both  the  northern  and  southern  banks. 
The  western  Maryland  glass-sand  deposits  liave  not  been  exploited  thus 
far  although  the  same  formations  (more  particularly  the  Oriskany  for- 
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mation)  in  Pennsylvania  and  West  Virginia  contain  the  most  important 
beds  of  glass-sand  in  the  eastern  United  States. 

Sand  constitutes  from  bO^  to  60^  of  the  glass-furnace  charge  and 
nearly  three-quarters  of  the  finished  product,  and  slight  changes  in  the 
character  of  the  raw  material  may  seriously  affect  the  color,  hardness, 
and  brilliancy  of  the  glass.  The  purest  sands  are  required  for  flintware 
and  optical  glass.  Even  for  plate  and  window  glass  it  is  essential  that 
the  sands  shall  not  carry  more  than  two-tenths  of  one  per  cent  of  feme 
oxide.  Lower-grade  glass  for  bottles,  jars,  etc.,  requires  less  pure  raw 
materials  but  all  glass-sand  appears  practically  free  from  impurities. 
"  In  examining  sand,  in  order  to  ascertain  its  value  for  glass-making  pur- 
poses, inspection  with  a  magnifying  glass  is  the  best  preliminary  test. 
The  following  points  should  be  observed:  The  sand  should  be  nearly 
white  in  color;  it  should  be  of  medium  fineness  (passing  a  20  to  50-mesh 
horizontal  sieve)  ;  the  grains  should  be  uniform  in  size,  even,  and  angu- 
lar, or,  less  preferably,  they  may  be  rounded.  A  simple  chemical  test 
may  be  employed  by  heating  the  sand  in  a  dilute  acid.  Effervescence 
indicates  the  presence  of  lime;  loss  of  color  shows  the  presence  of  clay 
impurities.  Iron  in  the  most  minute  quantity  may  be  detected  by  dis- 
solving sand  in  hydrofluoric  acid  and  adding  potassium  ferrocyanide, 
which  produces  a  blue  precipitate  if  iron  is  present.  Complete  quantita- 
tive analyses  as  well  as  a  furnace  test  should  be  made  as  final  determi- 
nation of  the  character  of  a  prospective  glass-sand.^^ 

Molding-Sand, — Molding-sand  has  been  found  in  Anne  Arundel,  Balti- 
more, Cecil,  and  Kent  counties,  but  it  has  not  been  extensively  employed 
for  such  purpose  up  to  the  present  time.  Large  deposits  of  good  molding- 
sand  are  reported  from  the  Cretaceous  (Monmouth  formation)  at  the 
mouth  of  the  Magothy  River  in  Anne  Arundel  County,  while  a  less 
extensive  deposit  of  very  high-grade  molding-sand  has  been  worked  from 
time  to  time  near  Catonsville  in  Baltimore  County.  Several  of  the 
Coastal  Plain  formations  afford  valuable  materials  of  this  character. 

Engine-Sand. — Engine-sand  for  locomotives  and  trolley-cars  may  be 
furnished  by  any  angular  quartz  sand  of  medium  grain  and  fair  degree 
of  purity.     It  is  largely  supplied  by  glass-sand  works  from  the  inferior 
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grades  of  glass-sand,  although  many  local  sands  are  also  employed  for 
the  same  purpose.  Many  of  the  Maryland  sands  are  suitable  for  engine- 
sand  and  a  great  variety  of  kinds  are  in  use. 

Miscellaneous  Uses. — Sand  of  good  quality  has  in  recent  years  been 
used  to  a  considerable  extent  in  the  manufacture  of  sand-lime  brick 
both  at  Cumberland  and  in  Baltimore  Citv.  Brick  of  this  tvpe  are 
manufactured  from  pure  angular  quartz  sand  mixed  with  lime,  the  usual 
proportion  being  95;*  sand  and  5^  lime.  The  materials  are  pressed  and 
then  put  through  steam  ovens  of  high  temperature  after  which  they  are 
ready  for  use. 

The  gravels  are  used  to  some  extent  in  road-building,  being  well 
adapted  to  the  latter  purpose  when  containing  a  natural  iron  cement  and 
when  from  their  proximity  the  transportation  charges  can  be  kept  low. 

There  are  innumerable  uses  to  which  sand  in  small  quantities  is  put 
in  the  various  industries,  but  as  no  record  in  most  instances  is  kept  of 
the  amount  employed  nothing  of  particular  interest  can  be  derived  from 
their  detailed  discussion. 

value  of  the  annual  production  of  sand  and  gravel. 

1904  1905  1906  1907 

$210,268       $436,828        $285,797        $277,106 

Very  incomplete  records  of  the  use  of  sand  have  been  available  until 
within  the  last  few  years.  It  is  known  that  the  amount  employed  was 
very  much  less  in  the  early  part  of  the  period  under  discussion  than  in 
recent  years,  particularly  since  the  enormous  increase  in  the  consumption 
of  building-sand  brought  about  by  the  rebuilding  of  Baltimore  after  the 
great  fire  of  February,  1904.  The  production  for  the  year  1905  was  the 
largest  in  the  history  of  the  sand  and  gravel  business. 

list  of  sand  and  gravel  operators. 

OPERATOR.  OFFICE.  PITS. 

Acme    Sand    Co Baltimore    Spring     Gardens,      Ma- 

ROthy  River,  and  Cur- 
tis Creels   (dredging). 

Columbia  Granite  &  Dredging  Co Washington,  D.  C Marshall  Hall. 

Potomac  Dredging  Co Washington,  D.  C Potomac  River  (dredg- 
ing). 

Excelsior  Brick  &  Pottery  Co Halethorpe    Arbutus. 

Adam  Job  &  Bro **  Benson  Ave. 
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OPSRATOB.  OFFIOB'  PIT8. 

John  C.  Leonard Baltimore    Baltimore. 

J.  T.  Bridges  &  Co Hancoclc Hancock. 

P.  L.  Hopper Havre  de  Grace Conowingo. 

B.  S.  Randolph Berlceley  Spgs.,  W.  Va.Dam  No.  6. 

The  Cumberland  Granite  Brick  Co Cumberland Cumberland. 

Contee  Sand  &  Gravel  Co Laurel    Laurel. 

Brennan  Sand  Co Philadelphia,  Pa Robinson. 

Foltz  Bros Waynesboro,  Pa Rock  Forge. 

James  D.  Haines Taneytown    Taneytown. 

Daniel  Oiler Waynesboro,  Pa Leltersburg. 

Fred.  Link Halethorpe    Halethorpe. 

American  Sand  &  Stone  Co Baltimore    

Northwestern  Sand  &  Contracting  Co . . .  "  Severn  Station. 

Charles  Smith   Waynesboro     St.  Mary's. 

St.  Mary's  Gravel  Co Norfolk,  Va 

H.  L.  Thomas "  Gibson  Island. 

W.  T.  Manning "  near  Laurel. 

ORES. 

GOLD  ORE. 

Gold  has  been  found  in  the  crvstalline  rocks  of  Maryland,  the  first 
discovery  being  made  near  Sandy  Springs  in  1849.  Since  then  it  has 
been  found  in  greater  abundance  in  the  southern  part  of  Montgomery 
County  near  the  Great  Falls  of  the  Potomac,  where  numerous  attempts 
have  been  made  to  mine  it  successfully.  Gold  has  also  been  reported 
from  Baltimore  and  Cecil  counties  and  the  serpentine  region  about  Cono- 
wingo and  Eock  Springs  suffered  from  unwarranted  attempts  at  mining 
this  metal  a  few  years  ago. 

The  gold  at  Great  Falls  occurs  in  the  quartz-filled  lenticular  veins  in 
the  crystalline  rocks  of  the  Piedmont  in  the  form  of  native  gold  and  is 
associated  with  pyrite,  galena,  and  tetradymite,  a  telluride  of  bismuth. 
The  occurrence  is  of  interest  as  forming  the  most  northerly  point  of  the 
Appalachian  gold  belt  which  extends  from  Maryland  across  Virginia, 
the  Carolinas,  and  Georgia  into  Alabama. 

Several  mines  and  prospects  have  been  opened  in  the  State,  all  of  them 
in  the  vicinity  of  Great  Falls,  Montgomery  County,  about  15  miles  north- 
west of  Washington,  D.  C.  Several  of  these  have  been  equipped  witli 
machinery  but  none  of  them  have  proved  very  successful.  Two  mines 
reported  more  extensive  operations  in  190,").  The  ^laryland  mine  of  the 
Maryland  Gold  Mining  Company  has  sunk  a  shaft  to  the  depth  of  180 
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feet  and  is  equipped  with  a  lO-stamp  mill,  the  Anderson  Mine  is  not  as 
fully  developed.     Neither  of  these  reported  any  product  in  1907. 

The  difficulties  which  have  hitherto  prevented  successful  workings 
have  been  the  "  pockety "  or  scattered  occurrence  of  the  ore,  some  of 
which  affords  very  rich  samples,  and  the  hardness  of  the  gangue  which 
increases  the  cost  of  operation  and  the  wear  on  the  machinery.  The 
annual  output  of  gold  has  varied  widely  according  to  the  temporary 
activity  or  idleness  of  the  operators,  ranging  from  $15,000  to  nothing. 

LIST  OF  GOLD  OPERATORS. 

OPERATOR.  OFFICE.  MIXK. 

Capital    Gold    Mining   &   Development 

Company    Cropley     Cropley. 

R.  Scott  Allen •*        •* 

Maryland  Gold  Mining  Company "        " 

Great  Falls  Gold  Mining  Company Washington,  D.  C Great  Falls. 

COPPER  ORE. 

The  copper  found  in  Maryland  occurs  in  the  Blue  Ridge  district  and 
in  the  crystalline  rocks  of  the  Piedmont  of  Frederick,  Carroll,  Howard, 
and  Baltimore  counties.  In  the  Blue  Ridge  district  the  deposits  are  in 
or  associated  with  the  altered,  dense,  heavy  trap  rock  which  is  known  as 
the  Catoctin  schist.  In  the  western  Piedmont  region  they  are  either 
in  the  limestone  or  schists  and  in  every  instance  examined  are  closely 
associated  with  igneous  rocks.  The  various  openings  appear  to  lie  in 
zones  or  belts.  The  first  or  westernmost  zone  extends  along  the  Linga- 
nore  Hills  from  New  London  in  Frederick  County  through  Liberty  to 
Union  Bridge,  the  ore  occurring  both  in  the  limestones  and  slates  or  in 
the  altered  rhyolites.  The  second  zone  runs  northeast  from  Sykesville 
in  Carroll  County  to  and  beyond  Finksburg  on  the  Western  Maryland 
Railroad,  the  ore  occurring  in  slates  and  schists,  -the  latter  probably 
altered  igneous  rocks.  A  third  deposit  is  found  in  the  Bare  Hills  of 
Baltimore  County,  the  ore  occurring  in  an  altered  gneiss  or  schist  near 
the  contact  with  serpentine. 

The  copper  is  found  as  the  sulphides,  bornite,  or  chalcopyrite,  and  as 
the  carbonate,  malachite.  Prior  to  the  finding  of  the  richer  deposits  of 
Michigan,  Arizona,  and  Montana,  Maryland  ores  were  sufficiently  sig- 
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nificant  to  make  the  State  of  some  importance  as  a  copper  producer  and 
recently  the  introduction  of  new  processes  has  revived  the  interest  in  the 
Maryland  deposits.  It  is  doubtful,  however,  if  the  copper  industry  will 
ever  prove  of  any  magnitude  in  the  State  as  the  margin  of  profit  is  very 
narrow  and  likely  to  be  wiped  out  by  careless  management  or  fluctuations 
in  the  market  value  of  the  copper. 

At  present  only  one  producer,  the  Liberty  Mine,  worked  by  the  Vir- 
ginia Consolidated  Copper  Company,  reports  any  output. 

COPPER  OPERATOR. 

OPERATOR.  OFFICE.  MINE. 

Virginia  ConsoUdated  Copper  Co Union  Bridge   Liberty. 

IRON  ORE. 

The  iron  ores  of  the  State  were  worked  in  colonial  days  and  for  more 
than  a  century  afforded  the  basis  for  the  chief  mineral  industry  of 
Maryland.  Numerous  references  to  the  iron  ores  are  found  in  the  old 
records  and  even  early  in  the  eighteenth  century  there  was  much 
activity  in  iron  manufacture.  The  Principio  Company,  one  of  the  most 
important  commercial  enterprises  in  the  early  days  of  Maryland,  was 
organized  in  1722  and  began  the  erection  of  a  furnace  in  Cecil  County 
near  the  mouth  of  Principio  Creek.  In  1761  the  Governor  and  Council 
of  Maryland  reported  to  the  Commission  of  the  Board  of  Trade  and 
Plantations  in  England  that  there  were  18  furnaces  and  10  forges  in  the 
Province  which  made  2500  tons  of  pig  iron  per  year.  During  the  Revolu- 
tionary War  the  furnaces  and  forges  of  the  Principio  Company  supplied 
bar  iron  and  cannon  balls  to  the  Continental  Army.  The  Principio 
Company  during  the  War  of  1812  produced  cannon  balls  and  hardware, 
and  guns  as  large  as  32-pounder8  were  made  for  the  government. 

Many  furnaces  were  built  in  other  sections  of  the  State  during  the 
eighteenth  and  early  portion  of  the  nineteenth  centuries,  but  nearly  all 
of  them  have  been  abandoned.  Among  the  most  important  of  these 
furnaces  is  the  Catoctin  furnace  in  Frederick  County,  which  was  built 
in  1774  and  furnished  guns  and  projectiles  to  the  Continental  Army 
during  the  Revolutionary  War.     It  has  been  in  operation  from  time  to 
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time  down  to  very  recent  years.  Furnaces  were  also  built  in  Harford, 
Prince  George's,  Washington,  and  Allegany  counties  and  in  Baltimore 
City. 

The  last  furnace  in  the  State  to  employ  Maryland  ores  to  any  great 
extent  has  been  the  Muirkirk  Furnace  at  Muirkirk,  Prince  George^s 
County,  which,  although  not  in  blast  at  the  present  time,  has  produced 
pig  iron  of  great  tensile  strength.  This  Iron  has  been  largely  used  by 
the  U.  S.  Government  at  the  Watertown  Arsenal  and  Washington  Navy 
Yard  for  the  manufacture  of  gun-carriages  and  armor-piercing  pro- 
jectiles as  well  as  by  private  companies  requiring  an  iron  of  great 
strength,  it  being  guarantee;^  to  stand  30,000  pounds  to  the  square  inch, 
many  tests  showing  40,000  pounds  and  more. 

Great  furnaces  of  modern  type  have  in  recent  years  been  constructed 
near  Baltimore  at  Sparrows  Point  by  the  Maryland  Steel  Company,  but 
they  employ  ores  secured  from  outside  the  State,  the  chief  supply  coming 
from  deposits  in  Cuba. 

R&d  and  Brown  Hematites, — ^The  red  and  brown  hematites,  the  latter 
largely  predominating,  are  found  in  the  crystalline  rocks  of  the  Pied- 
mont Plateau  and  in  the  Paleozoic  sedimentary  deposits  of  the  Appala- 
chian Region.  The  most  important  beds  occur  in  Frederick  and  Carroll 
counties,  which  to-day  furnish  the  only  shipping  ores  in  the  State.  The 
red  and  brown  hematites  of  Washington  and  Allegany  counties,  although 
mined  during  the  third  quarter  of  the  last  century  at  a  number  of  points, 
have  been  entirely  abandoned. 

The  discovery  several  decades  ago  of  much  more  extensive  deposits 
in  other  sections  of  the  country,  in  Michigan,  Minnesota,  and  Alabama, 
as  well  as  in  Cuba,  coupled  with  the  incidental  extension  and  cheapening 
of  transportation  resulted  in  driving  out  the  old  charcoal  furnaces  and 
thus  left  no  place  for  the  lean  ores  of  Maryland.  Within  the  last  few 
years,  however,  there  has  been  a  revival  of  interest  in  the  abandoned 
iron-ore  deposits  of  the  eastern  seaboard  states  and  already  their  im- 
portance as  sources  of  ore  supply  has  come  to  be  recognized.  It  is 
highly  probable  that  the  Maryland  brown  hematite  will  be  mined  again 
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as  it  seems  possible  that  these  deposits  when  exploited  will  be  found  to 
afford  a  workable  supply  of  commercially  valuable  ore. 

Siderite, — The  siderite  or  carbonate  iron  ore  is  confined  to  the  Cre- 
taceous (Arundel  formation)  deposits  of  the  Coastal  Plain,  being  found 
in  Cecil,  Baltimore,  Anne  Arundel,  and  Prince  George's  counties  and  in 
Baltimore  City.  The  ore  occurs  in  lenses  in  the  clay,  nodules  of  large 
and  small  size  and  ledges  of  the  siderite  at  times  making  up  the  main 
beds  of  the  deposits.  The  carbonate  iron  ore  is  known  to  the  miners  as 
"white  ore"  while  the  hydrous  oxide  iron  ore  derived  from  the  same 
is  referred  to  as  "  brown  ore."  These  ores  have  been  worked  since 
colonial  days,  and  it  was  from  such  deposits  that  the  material  used  in  the 
Principio  Furnace  was  derived.  Although  mined  for  two  centuries 
much  still  remains,  the  larger  and  more  accessible  beds  having,  however, 
been  largely  exhausted. 

Pyrites. — Iron  pyrites  occurs  in  the  Magothy  formation  on  the  Magothy 
River  and  was  at  one  time  roasted  for  the  manufacture  of  sulphuric 
acid.  The  deposits  are  not  sufficiently  large,  however,  to  justify  the 
continuance  of  the  industrv.  The  ore  occurs  in  isolated  masses  or  as 
irregular  crusts  or  layers  in  carbonaceous  beds. 

The  annual  output  of  iron  ore  in  Maryland  has  varied  very  largely  in 
recent  years.  It  has  greatly  declined  in  amount  whenever  the  Muirkirk 
Furnace,  the  only  furnace  in  the  State  in  recent  years  using  Maryland 
ore,  has  been  temporarily  closed,  as  has  been  the  case  during  the  years 
1906  and  1907.  The  chief  production  of  iron  ore  at  the  present  time 
comes  from  the  brown  hematite  deposits  of  Bachman's  Valley  in  Car- 
roll County  and  from  similar  beds  near  the  old  Catoctin  Furnace  in 
Frederick  County.  These  ores  are  shipped  outside  the  State  going  to 
furnaces  in  nearby  districts  of  Pennsylvania. 


LIST  OP  IRON  ORE  OPERATORS. 

OPEBATOB.  OFFICE.  MINE. 

Mason  &  Dixon  Mining  Company Shrewsbury.  Pa Bnchmnn's  Mills. 

Ebbvale  Mining  Co Hanover,   Pa Ebbvale. 

Charles  E.  Coffin Muirkirk    Muirkirk. 

Jos.  E.  Thropp Everett,   Pa Thurmont. 
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MINERAL  PAINTS. 


Mineral  paint  has  been  mined  at  several  points  in  Maryland  from 
widely  different  geological  formations.  It  has  never  developed  into  a 
large  industry  although  capable  of  much  greater  development.  It  is 
closely  associated  with  the  deposits  of  hydrous  oxide  of  iron  of  which  it 
is  largely  composed.  It  is  commercially  known  as  ochre  and  is  yellow, 
red,  or  brown  in  color,  dependent  in  part  on  the  presence  of  other 
ingredients. 

The  brown  hematite  deposits  of  Frederick,  Carroll,  and  Howard  coun- 
ties have  been  important  sources  of  ochre  although  little  or  no  exploita- 
tion of  the  beds  is  now  in  progress.  Considerable  shipments  have  been 
made  from  time  to  time  from  the  Catoctin  Furnace  pits  as  well  as  from 
points  in  Carroll  and  Howard  counties. 

The  largest  deposits  of  mineral  paint  are,  however,  in  the  Patapsco 
and  Arundel  formations  in  Anne  Arundel  and  Prince  George's  counties, 
which  have  afforded  at  times  a  considerable  output  of  this  material.  It 
occurs  as  a  fine  and  highly  ferruginous  clay  which  can  be  easily  dug  after 
the  overburden  has  been  removed. 

The  finished  product  includes  metallic  paint,  mortar  colors,  Venetian 
red,  umber,  sienna,  and  ochre. 

MINERAL  TAINT  OPERATOR. 

OPKRATOR.  OFFICE.  PITS. 

Macneal's  Varnish  &  Color  Works Baltimore     Baltimore  and  vicinity. 

MISCELLANEOUS  ORES. 

There  are  several  other  mineral  substances  which  are  not  being  worked 
to-day  within  the  State.  None  of  these  products  will  probably  give  rise 
in  the  future  to  industries  of  great  magnitude,  because  of  the  insufficient 
supply  of  the  material.  Several  of  them  have  been  worked  from  time 
to  time  but  none,  except  chrome,  has  ever  proved  of  real  economic 
importance. 

Chronic. — The  chrome  industry  in  Maryland  originated  in  the  dis- 
covery in  1H2T  of  chrome  ore  in  the  serpentine  of  the  Bare  Hills  in 
Baltimore  County.     Subsequently  other  deposits  were  found  associated 
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with  the  serpentine  in  Harford  and  Cecil  counties,  as  well  as  at  other 
points  in  Baltimore  County.  Between  1828  and  1850  Baltimore  supplied 
most  of  the  chrome  ore  consumed  by  the  world,  the  remainder  coming 
from  the  serpentine  and  platinum  washings  of  the  Ural  Mountains. 
After  1850  the  foreign  demand  for  Baltimore  ore  declined  gradually 
until  1860,  after  which  time  almost  none  has  been  shipped  abroad.  The 
reason  for  this  was  the  discovery  in  1848  of  great  deposits  of  chromite 
in  Asia  Minor.  This  region  now  largely  supplies  the  world^s  demand. 
Since  1886  practically  nothing  has  been  done  with  the  chrome  deposits 
of  Maryland,  although  Baltimore  is  still  one  of  the  most  prominent 
centers  for  chromium  salts. 

Lead  and  Zinc, — Traces  of  galena  and  zincblende  were  early  noted 
in  the  quarries  at  Jones  Falls  in  Baltimore  County,  but  much  more 
decided  indications  of  these  minerals  occur  in  connection  with  the  crystal- 
line limestone  in  the  western  part  of  Carroll  and  the  eastern  part  of 
Frederick  County,  where  attempts  have  been  made  to  mine  them  in  the 
region  to  the  southwest  of  Union  Bridge.  In  spite,  however,  of  the 
frequent  traces  of  both  these  minerals  throughout  central  Maryland,  it 
may  be  confidently  asserted  that  neither  will  probably  be  found  to  occur 
in  amounts  that  will  repay  the  expense  of  mining  them. 

Manganese,  Antimony,  and  Molybdenum, — The  traces  of  these  metals 
which  have  been  detected  in  Maryland  are  even  more  insignificant  than 
those  of  lead  and  zinc.  Manganese  was  once  mined  a  short  distance  west 
of  Brookville  in  Montgomery  County,  but  the  deposit  was  not  sufficiently 
extensive  to  be  profitable.  More  recently  manganese  has  been  reported 
from  Allegany  County.  Specimens  of  the  sulphide  of  antimony  have 
been  obtained  in  the  Middletown  Valley  but  nothing  is  known  of  its 
occurrence  or  extent.  The  earliest  discovery  of  molybdenite  mentioned 
on  this  continent  was  made  at  the  Jones  Falls  gneiss  quarries  in  1811, 
but  the  deposit  was  not  sufficient  to  be  of  economic  value. 

MINERAL  WATER. 

Mineral  water  is  chiefly  produced  in  Maryland  for  table  use.  Several 
springs  bear  a  high  reputation  for  the  purity  of  their  water  and  the 


Maryland  Geological  Survey  157 

industry  has  been  in  a  flourishing  condition  in  recent  years.  The  waters 
find  their  chief  market  in  Baltimore  and  Washington  although  some  are 
sold  outside  the  State. 

Nearly  all  of  the  well-known  springs  are  located  in  the  crystalline  rocks 
of  the  Piedmont  Plateau,  only  a  few  being  in  the  Appalachian  Region 
and  Coastal  Plain.  The  chief  springs  in  the  Piedmont  are  the  Chatto- 
lanee  spring  in  Baltimore  County  and  the  Tacoma  and  Carroll  springs 
in  Montgomery  County,  the  latter  a  thermal  spring  of  saline  mineral 
nature  which  has  been  regarded  as  having  medicinal  properties.  There 
are  numerous  cold  Chalybeate  springs  scattered  throughout  western 
Maryland  but  there  has  been  as  yet  no  attempt  to  introduce  their  waters 
or  to  develop  the  properties  upon  which  they  are  situated.  The  chief 
spring  in  the  Coastal  Plain  is  the  Mardela  spring  in  Wicomico  County, 
the  waters  from  which  have  been  placed  on  the  market.  Several  other 
springs  possessing  a  local  reputation  are  reported  from  the  eastern  and 
southern  counties,  as  at  Blackistone  Island  in  the  Potomac  and  a  sulphur 
spring  situated  at  St.  Michael's  in  Talbot  County.  Summer  resorts  have 
sprung  up  around  some  of  the  springs,  the  pure  quality  of  the  water 
being  advertised  as  an  important  feature. 

ANNUAL  PRODUCrrON  OP  MARYLAND  MINERAL  WATER,  1896-1907. 

1996         1887         1898         1899       1900         1901        1908         1903         1904       1906  190tf       1907 

$68,339   $21J85   $29,779  $13,046    $36,849   $67,680   $46,100   $46,918   $44,820    $44,627    $58,834   $86,006 

The  annual  production  of  mineral  waters  has  risen  very  much  in 
recent  years  as  shown  in  the  table  given  above,  the  largest  output  being 
in  1907.  The  water  most  extensively  used  is  the  Chattolanee  water 
which  has  a  high  reputation  in  Baltimore. 


LIST   OF  SPRINGS. 

OPERATOR.  OPriCB.  SPRINGS. 

AltamoDt  Spring   Washington,  D.  C near  Deer  Paris. 

Carroll   Springs    Forest   Glen    Forest  Glen. 

Chattolanee  Springs    Baltimore    Chattolanee. 

Mardela  Mineral  Spring Mardela    Mardela. 

RockhiU  Indian  Spring Rockville    Rockvllle. 

Takoma   Spring    Takoma  Park    Takoma  Park. 

Blue  Ridge  Spring Baltimore     Blue  Ridge  Mountains. 

White  Rock  Mountain  Spring "  
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MISCELLANEOUS  MATERIALS. 

Silica. — The  diatomaceous  earth  bed  found  at  the  base  of  the  Miocene 
deposits  in  Anne  Arundel,  Calvert,  and  Charles  counties  has  been  dug 
extensively  for  commercial  uses  from  time  to  time.  The  material  is 
known  in  the  trade  under  the  name  of  "  silica,"  "  infusorial  earth."  or 
"  tripoli."  It  forms  a  bed  from  30  to  40  feet  in  thickness  at  the  base  of 
the  Calvert  formation,  the  lowest  division  of  the  Maryland  Miocene.  It 
has  been  traced  across  southern  Maryland  from  the  shores  of  Herring 
Bay  on  the  Chesapeake  to  Lyons  Creek  on  the  Patuxent  and  thence  to 
Pope's  Creek  on  the  Potomac  River. 

Infusorial  earth  is  composed  of  the  minute  shells  or  tests  of  micro- 
scopic plants  known  as  diatoms.  This  material  was  first  reported  from 
the  region  of  Richmond  and  for  that  reason  received  the  name  of  "  Rich- 
mond earth,"  under  which  term  it  is  often  referred  to  in  the  literature. 
It  has  also  been  called  "  Bermuda  earth  "  from  its  occurrence  at  Bermuda 
Hundred  on  the  James  River. 

Silica  is  used  as  an  abrasive,  being  employed  in  the  manufacture  of 
polishing  powder  and  it  also  affords  an  excellent  non-conducting  cover 
for  steam-pipes.  From  its  extremely  porous  character  it  has  been  used 
in  the  manufacture  of  dynamite  cartridges.  Silica  was  first  worked  on 
the  Patuxent  River  in  1882. 

It  has  been  difficult  to  secure  accurate  statistics  regarding  the  annual 
production  of  silica  from  the  two  Maryland  points  from  which  ship- 
ments have  been  made.  The  chief  producer  at  the  present  time  is  the 
Maryland  Silicate  Company  of  New  York  City  which  has  largely  operated 
in  recent  vears  at  Lvons  Creek  on  the  Patuxent  River. 

SILICA  OPERATOR. 

OPERATOR.  OFFICE.  gUAKRY. 

Maryland  Silicate  Co New  York    Lyons  Creek. 

Marl, — Marl  occurs  in  the  Eocene  and  Miocene  formations  of  eastern 
and  southern  Maryland.  The  former  being  known  as  greejusand  marl 
and  the  latter  as  shell  marl.  They  have  never  been  developed,  however, 
except  for  local  uses. 

The  Eocene  greensand  marl  is  glauconitic,  the  mineral  glauconite  pro- 
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(lucing  what  is  known  as  a  greensand.  It  contains  a  small  percentage  of 
available  phosphates  and  alkalies  and  when  shells  are  present  in  the 
deposits,  as  they  generally  are,  lime  as  well;  some  marls,  however,  being 
almost  devoid  of  that  ingredient  while  others  contain  it  in  large  pro- 
portion. The  most  important  Eocene  marls  are  found  in  Anne  Arundel, 
Prince  George's,  and  Charles  counties,  although  they  are  not  lacking 
in  Kent  County  also. 

The  Miocene  shell  marl  contains  a  variable  percentage  of  lime  de- 
pendent on  the  number  of  calcareous  shells  of  fossil  organisms  in  the 
deposits.  Some  of  the  most  fossiliferous  beds,  especially  where  the 
sliells  have  been  thoroughly  w^eathered,  afford  an  excellent  fertilizer  for 
those  lands  deficient  in  lime.  The  shell  marl  occurs  abundantly  in 
Queen  Anne's,  Caroline,  Talbot,  Calvert,  and  St.  Mary's  counties. 

It  is  very  difficult  to  gain  any  adequate  idea  as  to  the  production  of 
marls  during  a  given  year  so  that  it  is  necessary  to  assume  an  average 
value  for  the  annual  product.  A  small  part  of  the  marl  is  used  here 
and  there  for  road-building  purposes,  particularly  in  Caroline  County, 
where  a  bed  admirably  adapted  for  that  purpose  has  been  found  on  the 
bank  of  the  Choptank  River  near  Denton.  It  could  be  employed  else- 
where with  advantage.  The  average  annual  value  of  the  marls  dug 
probably  does  not  exceed  $3000. 

Mica. — The  coarse  pegmatites  which  abound  in  many  parts  of  the 
eastern  Piedmont  region  afford  good-sized  plates  of  light-colored  mica 
(muscovite),  and  attempts  have  been  made  to  secure  commercial  quanti- 
ties of  this  in  both  Harford  and  Howard  counties,  but  they  have  not 
been  successful.  This  has  been  due  to  the  irregular  abundance  of  the 
larger-sized  crystals  or  "  books  "  and  to  the  gliding  planes  which  destroy 
or  decrease  greatly  the  value  of  the  sheets. 

Graphite, — Traces  of  graphite  have  been  found  near  Pylesville  in 
Harford  County  at  the  edge  of  the  Peachbottom  slate  belt.  Several 
deposits  occur  farther  northward  in  Pennsylvania  wliere  they  have  been 
mined  to  some  extent. 
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Baaytes. — ^Lens-shaped  bodies  of  barytes  have  been  found  in  Frederick 
and  Carroll  countie3.  They  probably  occur  as  fillings  of  irregularly- 
formed  fissures  but  the  extent  and  character  of  the  deposits  have  never 
furnished  evidence  of  much  commercial  value. 

Taic,  Soapstone,  and  Asbestos. — Small  deposits  of  soapstone,  talc, 
and  asbestos  are  found  associated  with  the  different  serpentine  bodies 
scattered  through  the  Piedmont  region.  The  massive  varieties  of  talc 
included  under  the  term  soapstone  have  been  quarried  at  irregular  inter- 
vals from  an  extensive  deposit  found  northwest  of  Marriottsville  in  Car- 
roll County  and  from  less  extensive  deposits  in  Cecil,  Harford,  and 
Montgomery  counties.  A  small  amount  of  the  output  is  sawn  into  slabs 
for  sinks,  tubs,  fire-brick,  and  hearth-stones,  but  most  of  the  product  in 
ground  and  sold  to  the  manufacturers  of  acid-proof  and  fire-proof  paints. 
The  higher  grades  of  talc  demanded  for  medicinal  purposes  have  not 
been  found  within  the  State  in  quantities  large  enough  for  successful 
minincr. 

Asbestos,  or  more  properly  chrysotile,  since  it  is  not  true  asbestos  but 
the  fibrous  variety  of  serpentine,  has  been  found  at  several  places  within 
the  State.  The  deposits,  however,  are  small  and  the  quality  inferior. 
When  ground  the  fibers  obtained  are  short  and  brittle  and  the  rock  is 
too  thoroughly  impregnated  with  the  silica  to  make  its  manufacture  a 
profitable  venture.  Prior  to  the  discovery  of  better  deposits  elsewhere, 
especially  in  Canada,  there  were  quarries  in  Harford  and  Baltimore 
counties,  but  these  have  long  since  been  abandoned. 

The  present  production  of  talc  and  soapstone  is  sold  by  the  short  ton, 
being  worth  about  $4  a  ton  in  the  rough,  $25  sawn  in  slabs,  and  $7.50 
ground.  The  values  vary  within  wide  limits,  depending  upon  the 
market,  the  location  of  the  works,  and  the  size  of  operations  of  the 
producers. 

LIST  OF  TALC  AND  SOAPSTONE  OPERATORS. 

OPERATOR.  OFFICE.  QUARRY. 

Deland  Mining  &  MilUng  Co Hayre  de  Grace Bald  Friar. 

Thomas  &  Son Westminster    Westminster. 

The  Steatite  Corporation Baltimore    Marrlottsyllle. 

Cecil  Mineral  Company "  Rock  Springs. 
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MAEYLAXD  COAL  OPEEATIOXS 

IN  1907 

• 

The  State  Geological  Survey  made  a  detailed  examination-  of  the 
Maryland  coal  mines  five  years  ago  in  the  preparation  of  its  Report  on 
the  Coals  of  Mar}'land.  Mr.  N.  Allen  Stockton  prepared  at  that  time  a 
valuable  article,  in  which  he  described  the  condition  of  the  mines,  but 
with  the  great  changes  which  have  taken  place  in  the  coal  industry  in  the 
last  few  years,  brought  about  by  the  development  of  the  "  Small  Veins," 
it  seems  desirable  to  present  a  revised  statement  regarding  the  several 
operations.  The  various  companies  have  been  communicated  with,  and 
Dr.  J.  J.  Rutledge,  a  representative  of  the  Survey,  has  visited  tlie  dis- 
trict for  the  purpose  of  securing  additional  information.  The  statements 
herewith  presented  have  been  carefully  revised,  in  most  instances  by 
responsible  officials  of  the  companies  whose  mines  are  described,  and  they 
are  as  nearly  a<;curate  as  they  can  well  be  made.  A  list  of  the  various 
coal  operators  will  be  found  on  pages  107-108. 


ALLEGANY  COUNTY. 
THE  CONSOLIDATION   COAL  COMPANY.* 

The  Consolidation  Coal  Company  operates  the  following  mines  in  the 
Georges  Creek  region :  Ocean  Xo.  1  at  Ocean,  Ocean  No.  3  at  Hoffman, 
Ocean  No.  3i  at  Eckhart,  Ocean  No.  7  at  Lord,  Ocean  No.  8  at  Midland, 
Tyson  No.  7  at  Lord,  Tyson  No.  8  at  Midland,  and  Tyson  No.  9  at 
Frostburg.  These  mines  extend  from  the  northern  end  of  the  town  of 
Frostburg  to  Midland,  and  occupy  the  greater  part  of  the  northern  half 
of  the  Georges  Creek  coal  basin. 

Ocean  No.  1. — The  plant  and  opening  of  Ocean  mine  No.  1  of  the 
Consolidation  Coal  Company  at  Ocean  Station  on  the  Cumberland  and 
Pennsylvania  Eailroad,  lie  a  mile  to  the  east  of  the  center  of  the  coal 
basin.    Tlie  mine  is  entered  by  a  slope  and  the  coal  from  a  large  area  of 

*  For  location  of  the  mines  see  Report  on  the  Coals  of  Maryland.  PI.  XXXII. 
Also  Md.  Geol.  Survey,  Vol.  V,  1905. 
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"  Big  Vein  *'  lying  in  the  center  of  the  basin  is  brought  to  the  surface 
through  this  opening.  The  average  thickness  of  coal  of  this  mine  is  about 
9  feet.  .  The  workings  extend  to  the  northeast  nearly  to  the  workings 
of  the  old  Borden  shaft.  They  join  Ocean  No.  7  to  the  west,  the  Georges 
Creek  Coal  and  Iron  Compan/s  mines  No.  1  and  No.  4  on  the  south, 
and  Ocean  No.  8  on  the  southeast  and  east. 

About  682  men  were  employed  and  34  mules  used  in  the  underground 
operations  of  this  mine  in  1907,  the  maximum  daily  output  of 
the  mine  for  that  year  being  about  2000  tons.    The  loaded  mine  cars  in 


Fio.  2. — Sketch  of  Track  Arrangement  at  Ocean  No.  1,  Consolidation  Coal 

Company. 

"  trips  ^^  of  27  cars  are  hauled  up  a  single-track  incline  to  the  surface 
and  landed  close  to  the  tipple  by  an  18  x  36-inch  double  cylinder  geared 
engine  which  operates  a  drum  3x8  feet.  The  drum  winds  a  haulage 
rope  1^  inch  in  diameter  which  pulls  the  "  trip  "  up  the  incline.  A  full 
day's  work  at  Ocean  No.  1  consists  of  31  "  trips  ^'  of  27  cars  each.  The 
grade  of  the  inclined  plane  at  the  mouth  of  the  mine  is  12  feet  in  100 
feet  and  is  steep  enough  for  the  empty  *^  trip ''  going  in  to  pull  the 
haulage  rope  with  it. 

From  the  slope,  the  empty  cars  are  taken  by  compressed  air  locomotives 
and  distributed  to  the  room  headings.  There  are  two  air-motors,  weigh- 
ing 16  tons  each,  one  weighing  10  tons,  and  three  weighing  4  tons  each. 
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These  locomotives  are  supplied  with  compressed  air  by  a  three-stage 
Ingersoll-Sergeant  compressor  situated  on  the  surface.  The  compressed 
air  at  a  pressure  of  850  pounds  per  square  inch  is  forced  into  the  mine 
through  pipes  and  the  locomotives  are  charged  from  this  pipe-line.  One 
Ingersoll-Sergeant,  three  Harrison,  and  five  Sullivan  coal-mining  ma- 
chines were  working  in  this  mine  in  1907,  the  power  used  to  operate 
them  being  compressed  air,  which  is  supplied  through  pipes  at  a  pressure 
of  about  80  pounds  to  the  square  inch  by  a  duplex  Corliss  air  compressor 
16x18^x36  inches  stationed  in  the  main  power  house  on  the  surface. 
This  air  compressor  also  furnishes  power  to  work  one  Jeanesville  pump 
16  X  30  X  14  X  48  inches,  one  Jeanesville  pump  7  x  10  x  24  inches,  one 
Jeanesville  pump  14  x  14  x  36  inches,  one  Hall  pump  10  x  14  x  24  inches, 
all  located  within  the  mine.  The  plant  includes  a  reserve  straight  line 
compressor  26  x  24  x  30  inches  for  emergencies,  and  four  smaller  pumps 
at  different  points  in  the  mine. 

The  ventilation  of  this  mine  as  well  as  that  of  Ocean  No.  8  is  accom- 
plished by  a  direct-connected  Guibal  fan  with  spiral  casing.  This  fan 
has  a  diameter  of  25  feet.  A  battery  of  nine  return-tubular  boilers 
(which  are  80  horse-power  each)  supplies  steam  at  a  pressure  of  100 
pounds  to  the  square  inch  to  the  slope  engine,  the  air  compressor  which 
charges  the  mine  locomotives,  the  air  compressor  which  supplies  air  to 
the  pumps  and  mining  machines,  and  the  fan. 

There  is  also  in  operation  at  this  mine,  a  16"  x  14"  Harrisburg  engine, 
directly  connected  to  a  110  K.  W.  generator,  for  supplying  light  to  the 
town  of  Midland. 

The  coal  is  worked  in  this  mine,  as  in  nearly  all  of  the  mines  of  the 
Consolidation  Coal  Company,  by  the  room  and  pillar  system.  A  pillar 
of  coal  40  to  5.0  feet  thick  is  usually  left  between  the  parallel  entries 
and  the  rooms  are  driven  12  to  14  feet  wide,  the  point  lines  of  the  rooms 
being  usually  55  to  100  feet  apart  so  that  a  pillar  of  coal  about  40  to  85 
feet  thick  supports  the  rooms  until  the  pillars  are  drawn.  The  length 
of  rooms  or  the  distance  between  each  set  of  parallel  side  entries  is  usually 
from  400  to  500  feet.  The  mine  cars  used  at  Ocean  No.  1  as  well  as 
Ocean  Xo.  7  have  a  capacity  of  5400  pounds  of  coal  and  weigh  1700 
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pounds  when  empty.  The  gauge  of  mine-car  track  is  3  feet.  The 
mine  is  mainly  drained  by  the  water  tunnel  which  empties  into  Georges 
Creek  three-fourths  of  a  mile  below  the  mouth  of  Ocean  No.  1  and  close 
to  the  entrance  to  the  drift  of  Ocean  No.  8. 

Ocean  No.  S,  known  also  as  the  Hoffman  mine  of  the  Consolidation 
Coal  Company,  has  its  tipple  on  the  end  of  the  Eckhart  branch  of  the 
Cumberland  and  Pennsylvania  Railroad,  a  mile  south  of  the  Eckhart 
mine  and  like  the  latter  is  a  slope  on  the  eastern  outcrop  of  the  "  Big 
Vein.'^  Five  hundred  and  twentv-three  men  and  27  mules  were  used  in 
the  operation  of  this  mine  in  1907  and  the  ma»ximum  daily  output  from 
the  slope  workings  was  about  1300  tons  of  coal.  A  duplex  stationary 
engine  geared  to  a  drum  6  feet  in  diameter  winds  a  wire  rope,  which 
pulls  the  loaded  mine  cars  up  the  slope  and  lands  them  on  the  surface. 
The  empty  cars  return  into  the  mine  by  gravity,  pulling  the  rope  in  with 
them  to  the  foot  of  the  slope.  One  compressed-air  motor  weighing  30,000 
pounds,  brings  the  loaded  cars  to  the  foot  of  the  slope  and  distributes 
the  empties  into  the  headings.  Four  compressed-air  motors  weighing 
1000  pounds  each  gather  the  cars  in  the  rooms.  The  motors  are  supplied 
with  air  from  the  high-pressure  compressor  located  at  the  Pumping 
Shaft.  A  number  of  local  sumps  are  drained  by  pumps  driven  by  com- 
pressed air.  All  the  water  of  the  mine  flows  through  the  Hoffman  Drain- 
age Tunnel,  two  miles  in  length,  which  has  its  western  end  near  the 
bottom  of  the  slope,  and  its  eastern,  or  discharge-end,  near  Clarvsville. 
A  direct-connected  Guibal  fan  20  feet  in  diameter  constructed  for  either 
compressed  or  exhaustive  ventilation  furnishes  it  with  air.  Four  return- 
tubular  boilers,  two  of  80  horse-power  and  two  of  60  horse-power,  supply 
steam  to  the  fan  and  stationary  engine. 

The  usual  pillar  and  room  system  is  employed  in  this  mine  for  work- 
ing the  coal.  Rooms  are  driven  12  to  14  feet  wide.  In  the  newer  work- 
ing of  the  mine  the  centers  of  the  rooms  are  usually  100  feet  apart,  and 
300  to  400  feet  is  left  between  each  pair  of  parallel  headings.  In  the 
older  workings  the  rooms  were  driven  with  35  feet  between  centers  and 
the  intervals  between  headings  were  greater.  The  coal  is  9. feet  tliick 
and  is  mined  by  pick-work  and  machines.    There  are  two  Sullivan,  ono 
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pounds  when  empty.  The  gauge  of  mine-car  track  is  3  feet.  The 
mine  is  mainly  drained  by  the  water  tunnel  which  empties  into  Georges 
Creek  three-fourths  of  a  mile  below  the  mouth  of  Ocean  Xo.  1  and  close 
to  the  entrance  to  the  drift  of  Ocean  No.  8. 

Ocean  No,  S,  known  also  as  the  Hoffman  mine  of  the  Consolidation 
Coal  Company,  has  its  tipple  on  the  end  of  the  Eckhart  branch  of  the 
Cumberland  and  Pennsylvania  Railroad,  a  mile  south  of  the  Eckhart 
mine  and  like  the  latter  is  a  slope  on  the  eastern  outcrop  of  the  "  Big 
Vein.''  Five  hundred  and  twenty-three  men  and  27  mules  were  used  in 
the  operation  of  this  mine  in  1907  and  the  ma»ximum  daily  output  from 
the  slope  workings  was  about  1300  tons  of  coal.  A  duplex  stationary 
engine  geared  to  a  drum  6  feet  in  diameter  winds  a  wire  rope,  which 
pulls  the  loaded  mine  cars  up  the  slope  and  lands  them  on  the  surface. 
The  empty  cars  return  into  the  mine  by  gravity,  pulling  the  rope  in  with 
them  to  the  foot  of  the  slope.  One  compressed-air  motor  weighing  30,000 
pounds,  brings  the  loaded  cars  to  the  foot  of  the  slope  and  distributes 
the  empties  into  the  headings.  Four  compressed-air  motors  weighing 
1000  pounds  each  gather  the  cars  in  the  rooms.  The  motors  are  supplied 
with  air  from  the  high-pressure  compressor  located  at  the  Pumping 
Shaft.  A  number  of  local  sumps  are  drained  by  pumps  driven  by  com- 
pressed air.  All  the  water  of  the  mine  flows  through  the  Hoffman  Drain- 
age Tunnel,  two  miles  in  length,  which  has  its  western  end  near  the 
bottom  of  the  slope,  and  its  eastern,  or  discharge-end,  near  Clarysville. 
A  direct-connected  Guibal  fan  20  feet  in  diameter  constructed  for  either 
compressed  or  exhaustive  ventilation  furnishes  it  with  air.  Four  return- 
tubular  boilers,  two  of  80  horse-power  and  two  of  60  horse-power,  supply 
steam  to  tlie  fan  and  stationary  engine. 

The  usual  pillar  and  room  system  is  employed  in  this  mine  for  work- 
ing the  coal.  Rooms  are  driven  12  to  14  feet  wide.  In  the  newer  work- 
ing of  the  mine  the  centers  of  the  rooms  are  usually  100  feet  apart,  and 
300  to  400  feet  is  left  between  each  pair  of  parallel  headings.  In  the 
older  workings  the  rooms  were  driven  with  35  feet  between  centers  and 
the  intervals  between  headings  were  greater.  The  coal  is  9. feet  thick 
and  is  mined  by  pick- work  and  machines.    There  are  two  Sullivan,  one 
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Harrison  and  two  Ingersoll-Sergeant  mining  machines  in  operation. 
The  mine  cars  are  loaded  to  contain  5400  pounds  of  coal  and  weigh  1700 
pounds  when  empty.  The  gauge  of  tracks  is  3  feet.  The  tipple  consists 
of  a  balance  cradle,  the  framework  supporting  it  being  of  wood.  A  short 
tramway  connects  the  mouth  of  the  slope  with  the  tipple. 

There  is  also  operated  at  Ocean  No.  3,  a  drift  opening  known  as 
Hoffman  Drift  mine,  following  the  outcrop  of  the  "  Big  Vein  "  from  a 
|X)int  near  the  mouth  of  the  slope,  southward  toward  Vale  Summit. 

Three  openings  have  also  been  made  at  Vale  Summit  just  north  of  the 
Georges  Creek  and  Cumberland  Railroad  depot.  One  is  a  slope  driving  in 
a  southwesterly  direction  and  the  other  two  are  drift  openings  driving 
in  a  southeasterly  direction.  Coal  is  hauled  up  the  slope  by  a  small 
stationary  engine,  while  a  12-foot  Crawford  and  McCrimmon  fan  fur- 
nishes air.  A  48-horse-power  return  tubular  boiler  supplies  steam  to  the 
engine  and  fan.    The  ventilation  of  the  drift  opening  is  natural. 

A  small  steam  locomotive  hauls  the  coal  from  the  openings  to  Ocean 
No.  3  over  a  tram-road  two  miles  in  length.  Connection  with  Hoffman 
Drift  mine  is  also  made  near  Vale  Summit  and  some  of  the  coal  brought 
to  the  tipple  on  the  tram-road.  The  daily  output  from  these  openings  is 
about  325  tons,  all  of  which  is  loaded  over  Ocean  No.  3  tipple. 

Pumping  Shaft, — In  addition  to  the  numerous  mines  it  operates,  the 
Consolidation  Coal  Company  maintains  a  power  plant  at  a  shaft  located 
at  very  nearly  the  axis  of  the  basin,  a  mile  and  a  half  west  of  the  mouth 
of  Ocean  No.  3  slope.  The  shaft  is  sunk  to  the  "  Big  Vein,"  and  is  about 
250  feet  deep. 

Tliis  power  plant  was  formerly  maintained  for  pumping  water  from 
Ocean  No.  3  rtiine  and  furnishing  power  for  the  compressed  air  locomo- 
tives used  in  the  mine.  Since  the  completion  of  the  Hoffman  Drainage 
Tunnel,  no  water  is  pumped  from  the  shaft.  In  addition  to  compressed 
air  for  haulage  and  mining  machines,  power  is  now  furnished  a  number 
of  pumps  pumping  from  local  basins  in  Ocean  No.  3  mine. 

The  equipment  of  the  plant  consists  of  a  small  geared  engine  for 
hoisting  the  cage  in  the  shaft,  one  three-stage  compound  Norwalk  air- 
compressor,  and  a  duplex  Corliss  air  compressor. 
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Coal  is  obtained  from  an  opening  in  the  Waynesbnrg  seam  just  south 
of  the  boiler  house.  Coal  was  formerly  mined  from  the  lower  Sewickley 
seam  in  the  shaft.    The  plant  has  eight  boilers  of  80  horse-power  each. 

Ocean  No.  Si. — At  Eckhart,  a  mile  and  a  half  east  of  Frostburg,  the 
Consolidation  Coal  Company  operates  its  Ocean  mine  No.  3^,  a  slope  on 
the  eastern  outcrop  of  the  ^'  Big  Vein."  One  hundred  and  seventy-eight 
men  are  employed,  seven  mules  are  used,  and  the  daily  output  of  the  mine 
is  440  tons.  A  16  x  24-inch  double  cylinder  geared  engine  with  a  drum  6 
feet  in  diameter  and  3  feet  wide  pulls  the  loaded  mine  cars  up  an 
incline  to  the  surface  and  drops  the  empty  cars  back  into  the  mine.  A 
tram  road  connects  the  opening  of  the  mine  with  the  tipple  on  the 
Eckhart  branch  of  the  Cumberland  and  Pennsylvania  Railroad.  The 
mine  is  supplied  with  air  by  a  Guibal  fan  16  feet  in  diameter  with  belt 
connection,  constructed  for  either  exhaustive  or  compressive  ventilation. 
The  haulage  engine  and  fan  are  supplied  with  steam  by  two  return- 
tubular  boilers  15  feet  long  and  54  inches  in  diameter  of  70  horse-power 
each.  One  return-tubular  boiler  18  feet  long  and  72"  in  diameter  of  150 
horse-power  supplies  the  electric  generator-engine  with  steam.  No  coal- 
mining machines  are  used.  There  are  in  service  at  the  mine  two  small 
electric  pumps.  The  mine  is  drained  by  the  Allegany  Water  Ditch  and 
Hoffman  Tunnel. 

The  mine  is  equipped  with  electric  haulage.  A  100  K.  W.  generator, 
driven  by  a  15"x21"  belt-connected  four-valve  Erie  engine  furnishes 
power  for  the  10-ton  electric  motor. 

Ocean  No.  7. — Ocean  mine  No.  7  of  the  Consolidation  Coal  Company 
is  situated  at  the  head  of  Wright's  Run  on  a  branch  of  the  Cumberland 
and  Pennsylvania  Railroad  about  halfway  between  Frostburg  and  Lon- 
aconing  and  a  mile  west  of  the  center  of  the  Georges  Creek  coal  basin. 
The  coal  is  mined  from  the  "  Big  Vein,"  which  in  this  mine  is  about  9 
feet  thick.  In  1907  about  1125  men  were  employed  at  this  mine  and  70 
mules  were  used  in  the  inside  work.  Five  thousand  seven  himdred  and 
eight  long  tons  of  coal  have  been  loaded  at  this  mine  in  one  day.  The 
coal  is  taken  from  each  side  of  the  narrow  valley  or  ravine  in  which  the 
tipple  and  tracks  are  located.    On  the  northwest  side  of  the  valley  the  coal 
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i£  mined  to  the  rise,  mules  hauling  the  empty  cars  into  tlie  mine  through 
one  entry  and  the  loaded  coal  cars  running  out  to  the  tipple  through 
another  entry  by  gravity.  The  "  Big  Vein  "  coal  that  lies  between  theae 
openings  and  the  outcrop  of  the  western  edge  of  the  coal  basin  ia  brought 
to  the  surface  through  these  drifts.  The  main  opening  of  this  plant, 
however,  is  on  the  southwest  side  of  the  ravine  and  through  it  a  large 
area  of  coal  that  lies  to  the  dip  is  brought  to  the  tipples.  This  main 
opening  is  made  secure  by  a  substantial  brick  arch  of  suRicient  diameter 


—Sketch  showing  Track  Arrangement,  Ocean  No.  T,  Consolidation  Coal 
Company. 


for  two  mine  car  tracks  to  enter.  A  short  distance  inside  of  the  mine 
the  two  tracks  diverge,  one  passing  under  the  other,  descending  in  two 
directions  to  the  south  and  southeast  toward  the  workings  of  Ocean  No. 
1  and  the  center  of  the  coal  basin.  The  loaded  cars  are  pulled  in  "  trips " 
cf  22  cars  up  the  least  steep  of  these  slopes  or  inside  incline  planes  and 
landed  just  outside  of  the  mouth  of  the  mine,  by  an  engine  located  on  the 
surface  operating  a  double  drum  and  winding  a  IJ-inch  pulling  rope. 
From  the  mouth  of  the  mine  the  loaded  cars  run  by  gravity  to  the  tipples. 
From  the  tipples  the  empty  mine  cars  return  towards  the  mine  by  gravity 
as  far  as  they  will  run  and  then  are  taken  in  "  trip?  "  of  22  cars  by  a  tail- 
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rope  up  the  grade  to  the  mouth  of  the  mine  where  another  tail-rope  is  at- 
tached and  the  "  trip  ^^  of  cars  is  pulled  into  the  mine  a  short  distance  to  a 
point  where  the  grade  is  sufficiently  heavy  for  the  empty  trip  to  take  the 
pulling  rope  in  with  it.  From  the  diflferent  headings  oflE  the  slope  the 
cars  are  taken  by  drivers  with  mules  and  distributed  to  the  rooms. 
The  loaded  mine  cars  are  brought  up  the  steeper  of  the  two  inside  slopes 
in  "  trips  ^^  of  24  to  26  cars  and  landed  on  the  surface  by  a  26"x48" 
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Fio.  4. — Sketch  showing-  Main  Tipple,  Ocean  No.  7,  Consolidation  Coal 

Company. 

stationary  engine  operating  a  drum  and  winding  a  1^-inch  rope.  These 
loads  run  by  gravity  to  the  tipples.  Prom  the  tipples  they  are  returned 
to  the  mines  in  the  same  manner  as  the  cars  from  the  other  slope.  The 
grade  of  both  the  inside  slopes  is  sufficiently  heavy  for  the  empty  cars 
going  down  the  slope  to  take  the  pulling  rope  in  with  them  and  a  tail-rope 
is  therefore  only  necessary  to  pull  the  empty  cars  into  the  drift  to  the 
head  of  the  slopes. 

For  ventilating  the  workings  of  Ocean  Xo.  7  two  direct-connected 
fans  of  the  Guibal  pattern  with  spiral  casings  are  used,  one  having  a 
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diameter  of  12  feet  and  the  other  25  feet.  They  are  constructed  so  that 
they  can  be  used  for  either  exhaustive  or  compressive  ventilation.  Steam 
is  supplied  to  the  stationary  engines  <and  fans  by  10  retum-tubular 
boilers,  fqur  of  100  horse-power  each,  three  of  150  horse-power  each,  and 
three  of  80  horse-power  each.  The  mine  is  self-draining  through  the 
water-level  drainage  tunnel  that  runs  through  the  center  of  the  coal 
basin  and  empties  into  (Jeorges  Creek  below  the  mouth  of  Ocean  No.  8 
at  Midland. 

The  coal  from  Ocean  No.  7  is  dumped  into  the  railroad  cars  on  the 
branch  of  the  Cumberland  and  Pennsylvania  Railroad  over  two  tipples, 
in  addition  to  which  the  plant  has  a  tipple  for  supplying  locomotives  with 


Fig.  5. — Sketch  showing  Rocker  for  Dumping  Coal  used  by  Consolidation  Coal 

Company. 

fuel.  Both  tipples  are  constructed  to  screen  the  coal  and  load  the  lump 
and  the  slack  at  the  same  time. 

The  chutes  of  these  tipples  are  also  furnished  with  folding  steel  iron 
flaps  or  doors  which  shut  down  and  cover  the  screen  when  run  of  mine 
coal  is  to  be  loaded.  When  the  screens  are  .covered  run-of-mine  coal  can 
be  loaded  into  cars  on  either  of  the  railroad  tracks  shown  in  the  sketch. 

Both  tipples  are  equipped  with  box  car  loaders  of  the  Ottumwa  type. 

The  tipples  of  this  plant  are  of  the  rocker  pattern,  designed  by  Mr. 
B.  S.  Eandolph,  which  is  very  simple  in  construction  and  effective  in  its 
action.  The  T-rails  are  bolted  to  two  flat  strap  iron  "  rockers."  As  the 
car  is  run  onto  the  tipple  and  strikes  the  horns,  its  momentum  tips  the 
rockers  toward  the  chutes.  The  end  gate  of  the  mine  car  being  latched 
by  a  lever  projecting  beyond  the  side  of  the  car,  the  lever  strikes  an  iron 
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loop  bolted  to  the  side  of  the  tipple.  The  end  gate  is  unlatehed  and 
opens,  allowing  the  coal  to  fall  into  the  chute.  The  rocker  is  kept  in 
place  by  iron  pins  in  the  frame  work  underneath  the  rockers  which  fit 
into  slots  or  notches  in  the  rocker.    The  chute  over  which  the  run  of 
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Fio.  6. — Sketch   of   Track  Arrangement,   Ocean   No.   8,   Consolidation   Coal 

Company. 

mine  coal  is  mainly  loaded  is  sprinkled  with  water  from  a  pipe  above  to 
induce  the  coal  to  slide  in  it  more  freely. 

The  coal  in  Ocean  No.  7  is  mined  both  by  pick  and  coal-mining 
machines.  Twenty-two  machines  were  in  use  in  this  mine  during  the 
past  year,  all  of  them  being  of  the  "  puncher  ^*  type  IngersoU-Sergeant 
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mining  machines.  Compressed  air  is  supplied  by  three  compressors,  one 
Band  compressor  12"  1 16".,  one  Band  compressor  14*  1 22",  and  one 
IngersoU-Sergeant  compressor,  14"  x  IS".  Mine  c-ars  are  of  the  pattern 
common  to  the  Consolidation  Coal  Company,  and  the  gauge  of  the  mine 
tracks,  as  in  all  the  plants  of  this  company,  is  3  feet.  The  rooms  are 
usually  driven  in  Oc-ean  Xo.  T  with  centers  65  feet  apart. 

Ocean  Xo.  S  of  the  Consolidation  Coal  Company  has  its  tipple  on  a 
siding  of  the  Cumberland  and  Pennsylvania  Bailroad  on  the  west  side 
of  Georges  Creek  close  to  Midland  station,  the  workings  of  this  mine 
adjoining  those  of  Ocean  Xo.  1  and  Xo.  4  of  the  Georges  Creek  Coal  and 
Iron  Company.  The  mouth  of  this  mine  is  about  three-fourths  of  a 
mile  east  of  the  middle  of  the  coal  basin  and  the  main  heading,  driven 
southwest  nearly  on  the  strike,  takes  out  the  coal  that  lies  to  the 
rise  toward  the  east  between  it  and  the  out-crop  line  formed  by  the 
erosion  of  the  waters  of  Greorges  Creek.  An  area  of  coal  adjoining  this 
mine  also  on  the  east  was  formerly  operated  at  this  point  by  the  Big 
Vein  Coal  Company.  The  present  mine  was  opened  and  operated  by  the 
Consolidation  Coal  Company  in  May,  1902;  the  daily  output  is  about 
200  tons.  Seventy-nine  men  were  employed  during  1907  and  seven 
mules  haul  the  coal  from  the  mine  to  the  tipple  and  haul  the  empty  cars 
into  the  mine. 

The  mine  is  ventilated  by  a  direct-connected  Guibal  fan,  15  feet  in 
diameter.  Steam  is  supplied  from  a  60-horse-power  return-tubular 
boiler. 

The  mine  water  flows  out  through  the  workings  of  Ocean  Xo.  1  into 
the  main  drainage  tunnel  which  has  its  outlet  to  Georges  Creek  almost 
immediately  underneath  the  entranc-e  to  the  mine.  The  drainage  tunnel 
was  driven  from  Georges  Creek  at  Midland  abiMit  900  foet  through  rock 
to  tap  and  drain  the  "  Big  Vein  "  at  the  bottom  of  the  coal  basin.  From 
the  point  where  the  drainage  tunnel  taps  the  **  Big  Vein  "  a  water-level 
heading  was  driven  through  the  basin  and  this  heading  now  drains  the 
Georges  Creek  Coal  and  Iron  Company's  mine  Xo.  1  as  well  as  Ocean 
Xos.  7  and  8  and  the  upper  workings  of  Ocean  Xo.  1. 

Tyson  So.  7. — The  Consolidation  Coal  Company  ojx^rates  three  mines 
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in  the  Tyson  seam  which  covers  a  wide  area  on  the  company^s  properties. 
Tyson  No.  7  is  located  near  Ocean  No.  7,  the  coal  being  mined  to  supply 
the  boilers  of  the  latter  plant.  The  coal  is  hauled  by  mules  from  the 
mine  to  the  boiler  house.  Nine  men  were  employed  on  the  average  during 
1907  and  two  mules  were  used.  The  ventilation  is  natural.  The  output 
is  about  30  tons  daily. 

Tyson  No.  8> — ^Tyson  No.  8  mine  of  the  Consolidation  Coal  Company 
has  its  opening  at  Midland  near  the  Ocean  No.  8  "  Big  Vein  ^*  opening, 
the  same  railroad  siding  being  used  for  both  mines.  The  loaded  cars  are 
brought  to  the  tipple  down  a  steep  gravity  plane.  Thirty-one  men  were 
employed  during  1907  and  four  mules  used.  The  output  is  about  50 
tons  a  day. 

Ventilation  is  furnished  by  a  12-foot  fan  of  the  Guibal  pattern 
supplied  with  steam  from  Ocean  No.  8  plant,  and  the  mine  is  drained 
through  bore  holes  driven  to  the  "  Big  Vein.^* 

Tyson  No.  9. — At  the  upper  end  of  the  Y  of  the  Cumberland  and 
Pennsylvania  Railroad,  about  a  mile  and  a  half  northeast  of  Frostburg, 
the  Consolidation  Coal  Company  operates  a  mine  in  the  Upper  Sewickley 
or  Tyson  seam.  The  locomotives  of  the  Cumberland  and  Pennsylvania 
Railroad  are  coaled  here  and  shipments  also  made.  There  are  two  tipples, 
one  for  coaling  locomotives  and  the  other  for  loading  cars.  The  former 
is  on  the  main  line  of  the  Cumberland  and  Pennsylvania  Railroad,  while 
the  latter  is  a  little  south  on  a  siding. 

The  mine  has  three  openings,  the  coal  from  the  most  northern  being 
used  for  coaling  locomotives,  while  coal  from  the  other  two  openings  is 
shipped. 

Ventilation  is  furnished  by  a  fan  12  feet  in  diameter.  Steam  is  sup- 
plied by  a  boiler  of  20  horse-power.  About  6G  men  were  employed  during 
1907  and  nine  mules  used.    The  output  is  150  tons  per  day. 

Drainage  System  of  Mines, — ^The  Hoffman  Drainage  Tunnel  is  an 
adit  driven  in  the  Conemaugh  formation,  from  Preston  Run,  about  one- 
half  mile  from  the  junction  of  that  stream  with  Braddock  Run,  to  the 
lowest  point  of  the  Georges  Creek  "  Big  Vein  ^*  workings. 

Its  length  is  10,679  feet,  or  2.02  miles,  its  grade  0.355;]^,  or  4J  inches 
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Harrison  and  two  Ingersoll-Sergeant  mining  machines  in  operation. 
The  mine  cars  are  loaded  to  contain  5400  pounds  of  coal  and  weigh  1700 
pounds  when  empty.  The  gauge  of  tracks  is  3  feet.  The  tipple  consists 
of  a  balance  cradle,  the  framework  supporting  it  being  of  wood.  A  short 
tramway  connects  the  mouth  of  the  slope  with  the  tipple. 

There  is  also  operated  at  Ocean  No.  3,  a  drift  opening  known  as 
Hoffman  Drift  mine,  following  the  outcrop  of  the  "  Big  Vein  "  from  a 
]x)int  near  tlie  mouth  of  the  slope,  southward  toward  Vale  Summit. 

Three  openings  have  also  been  made  at  Vale  Summit  just  north  of  the 
Georges  Creek  and  Cumberland  Railroad  depot.  One  is  a  slope  driving  in 
a  southwesterly  direction  and  the  other  two  are  drift  openings  driving 
in  a  southeasterly  direction.  Coal  is  hauled  up  the  slope  by  a  small 
stationary  engine,  while  a  12-foot  Crawford  and  McCrimmon  fan  fur- 
nishes air.  A  48-horse-power  return  tubular  boiler  supplies  steam  to  the 
engine  and  fan.    The  ventilation  of  the  drift  opening  is  natural. 

A  small  steam  locomotive  hauls  the  coal  from  the  openings  to  Ocean 
Xo.  3  over  a  tram-road  two  miles  in  length.  Connection  with  Hoffman 
Drift  mine  is  also  made  near  Vale  Summit  and  some  of  the  coal  brought 
to  the  tipple  on  the  tram-road.  The  daily  output  from  these  openings  is 
about  325  tons,  all  of  which  is  loaded  over  Ocean  No.  3  tipple. 

Pumping  Shaft. — In  addition  to  the  numerous  mines  it  operates,  the 
Consolidation  Coal  Company  maintains  a  power  plant  at  a  shaft  located 
at  very  nearly  the  axis  of  the  basin,  a  mile  and  a  half  west  of  the  mouth 
of  Ocean  No.  3  slope.  The  shaft  is  sunk  to  the  "  Big  Vein,"  and  is  about 
250  feet  deep. 

This  power  plant  was  formerly  maintained  for  pumping  water  from 
Ocean  No.  3  rtiine  and  furnishing  power  for  the  compressed  air  locomo- 
tives used  in  the  mine.  Since  the  completion  of  the  Hoffman  Drainage 
Tunnel,  no  water  is  pumped  from  the  shaft.  In  addition  to  compressed 
air  for  haulage  and  mining  machines,  power  is  now  furnished  a  number 
of  pumps  pumping  from  local  basins  in  Ocean  No.  3  mine. 

The  equipment  of  the  plant  consists  of  a  small  geared  engine  for 
hoisting  the  cage  in  the  shaft,  one  three-stage  compound  Norwalk  air- 
compressor,  and  a  duplex  Corliss  air  compressor. 


Maryland  Geological  Survey  173 

per  100  feet,  its  direetion  North  76**  21'  East,  and  it  is  8  feet  wide  and  7 
feet  high  in  the  clear.  Although  it  is  sufficiently  wide  to  be  used  as  a 
haulway,  it  is  devoted  entirely  to  drainage. 

Its  western  portal,  or  entrance,  having  a  tidal  elevation  of  11>84.1  feet, 
is  located  near  the  foot  of  the  main  slope  of  Ocean  No.  3  mine  (known 
locally  as  Hoffman  mine),  and  its  eastern  portal,  or  outlet,  on  Preston 
Eun,  has  a  tidal  elevation  of  1540.29  feet,  the  total  fall  being  approxi- 
mate! v  44  feet. 

Work  was  commenced  in  November,  1903,  and  prosecuted  continuously 
until  its  completion  in  August,  1906.  It  was  attacked  from  four  head- 
ings, driving  from  the  two  portals  and  in  both  directions  from  a  shaft 
near  the  center,  sunk  from  the  Ocean  No.  3  mine-workings  to  grade  at  a 
depth  of  180 J  feet. 

During  the  progress  of  the  work  fifteen  coal  seams,  varying  from  2 
inches  to  4  feet  8  inches  in  thickness,  were  encountered,  the  most 
important  being  the  Franklin,  or  Little  Clarksburg,  and  the  Barton,  or 
Bakerstown.  In  addition  to  these,  two  small  seams  of  iron  ore  and  four 
beds  of  hard  fire  clay  were  passed  through. 

The  immediate  result  of  the  completion  of  this  tunnel  was  the 
elimination  of  an  expensive  pumping  station  located  at  the  bottom  of  a 
250-foot  pumping  shaft. 

Its  prime  object  is  the  unwatering  of  the  mine  workings  of  the  Con- 
solidation Coal  Company,  but  before  this  can  be  accomplished  in  its 
entirety,  a  series  of  auxiliary'  rock  ditches  and  tunnels  are  necessary  on 
account  of  the  rolling  nature  of  the  measures.  There  will  be  12,000  feet 
of  open  rock  ditches  with  a  maximum  cut  of  16  feet  and  4150  feet  of 
additional  tunnels.  These  auxiliarv  ditches  and  tunnels  are  now  in  the 
course  of  construction  and  it  is  expected  to  complete  them  within  the  next 
two  vears. 

There  are  in  operation  now,  in  addition  to  the  Hoffman  Drainage 
Tunnel,  17,000  feet  of  rock  ditches  and  about  1000  feet  of  tunnel,  which 
were  driven  some  years  ago.  The  completed  system  will  include  29,000 
feet  of  rock  ditches  and  16,800  feet  of  i-ock  tunnels,  or  a  total  length  of 
8J  miles  of  drainway. 
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per  100  feet,  its  direction  Xorth  76**  21'  East,  and  it  is  8  feet  wide  and  7 
feet  high  in  the  clear.  Although  it  is  sufficiently  wide  to  be  used  as  a 
haul  way,  it  is  devoted  entirely  to  drainage. 

Its  western  portal,  or  entrance,  having  a  tidal  elevation  of  loS-i.l  feet, 
is  located  near  the  foot  of  the  main  slope  of  Ocean  Xo.  3  mine  (known 
locally  as  Hoffman  mine),  and  its  eastern  portal,  or  outlet,  on  Preston 
Run,  has  a  tidal  elevation  of  1540.29  feet,  the  total  fall  being  approxi- 
mately 44  feet. 

Work  was  commenced  in  November,  1903,  and  prosecuted  continuously 
until  its  completion  in  August,  1906.  It  was  attacked  from  four  head- 
ings, driving  from  the  two  portals  and  in  both  directions  from  a  shaft 
near  the  center,  sunk  from  the  Ocean  No.  3  mine-workings  to  grade  at  a 
depth  of  180 J  feet. 

During  the  progress  of  the  work  fifteen  coal  seams,  varying  from  2 
inches  to  4  feet  8  inches  in  thickness,  were  encountered,  the  most 
important  being  the  Franklin,  or  Little  Clarksburg,  and  the  Barton,  or 
Bakerstown.  In  addition  to  these,  two  small  seams  of  iron  ore  and  four 
beds  of  hard  fire  clay  were  passed  through. 

The  immediate  result  of  the  completion  of  this  tunnel  was  the 
elimination  of  an  expensive  pumping  station  located  at  the  bottom  of  a 
250-foot  pumping  shaft. 

Its  prime  object  is  the  unwatering  of  the  mine  workings  of  the  Con- 
solidation Coal  Company,  but  before  this  can  be  accomplished  in  its 
entirety,  a  series  of  auxiliary  rock  ditches  and  tunnels  are  necessary  on 
account  of  the  rolling  nature  of  the  measures.  There  will  be  12,000  feet 
of  open  rock  ditches  with  a  maximum  cut  of  16  feet  and  4150  feet  of 
additional  tunnels.  These  auxiliary  ditches  and  tunnels  are  now  in  the 
course  of  construction  and  it  is  expected  to  complete  them  within  the  next 
two  vears. 

There  are  in  operation  now,  in  addition  to  the  Hoffman  Drainage 
Tunnel,  17,000  feet  of  rock  ditches  and  about  1000  feet  of  tunnel,  which 
were  driven  some  years  ago.  The  completed  system  will  include  29,000 
feet  of  rock  ditches  and  16,800  feet  of  i-ock  tunnels,  or  a  total  length  of 
8f  miles  of  drainway. 
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black-sheridan-wilson  company,  agents. 

The  Union  Mining  Company,  the  New  York  Mining  Company,  the 
Barton  and  Georges  Creek  Valley  Coal  Company,  and  the  Potomac  Coal 
Company,  for  all  of  which  the  Black-Sheridan- Wilson  Company  are  the 
selling  agents,  operate  the  following  mines :  the  Union  mine,  just  north 
of  Frostbnrg;  the  Union  mine  Xo.  1,  about  one  mile  north  of  Frostburg; 
the  Union  mine  No.  2,  about  one  mile  north  of  Frostburg;  the  Carlos 
mine,  near  Carlos,  and  the  Potomac  mine,  near  Barton. 

With  the  exception  of  Potomac  mine,  which  is  mining  the  Bakers- 
town  or  "4-foot''  seam,  all  the  mines  mentioned  above  are  working 
exclusively  the  "  Big  Vein,'*  The  New  York  Mining  Company  has 
commenced  the  development  of  the  Tyson  seam  above  Union  mine  No.  2 
and  is  already  shipping  a  small  amount  of  coal.  The  daily  capacity  of 
all  the  operations  exceeds  3000  tons. 

Union  mine. — The  plant  of  Union  mine,  operated  and  owned  by  the 
Union  Mining  Company,  is  situated  on  a  siding  of  the  Cumberland  and 
Pennsylvania  Railroad,  at  the  head  of  the  valley  of  Jennings  Run,  near 
the  northern  limits  of  Frostburg.  The  company  is  not  only  removing 
the  coal  from  its  own  property,  but  also  from  the  adjacent  territory  owned 
by  the  Consolidation  Company. 

There  were  150  men  employed  in  1907.  The  daily  capacity  is  600  tons. 
New  territory  is  being  opened  up,  and  the  tonnage  will  be  gradually 
increased. 

The  coal  is  mined  exclusively  by  hand,  no  machines  being  used  or 
blasting  of  coal  permitted.  It  is  loaded  into  mine  cars  the  capacity  of 
which  is  3^  gross  tons,  and  hauled  by  tandem  team  to  daylight,  where  it 
is  loaded  in  railroad  cars  either  as  a  run-of-mine  coal,  or  screened  and 
prepared  for  special  use,  such  as  blacksmithing. 

The  mine  is  self-draining,  and  ample  ventilation  is  furnished  by  a  16- 
foot  Crawford  &  McCrimmon  fan. 

Recently  the  company  has  taken  a  lease  on  the  New  Hope  mine,  near 
Frostburg,  which  has  not  been  operated  for  17  years. 

Union  mine  No,  1. — ^This  mine  is  owned  and  operated  by  the  New 
York  Mining  Company,  and  is  situated  on  the  west  side  of  the  valley  of 
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Jennings  Run.  It  is  reached  by  a  spur  of  the  Cumberland  and  Pennsyl- 
vania Eailroad,  which  leaves  the  main  line  at  Allegany. 

Ground  was  broken  for  this  operation  during  the  spring  of  1906  and 
shipment  of  coal  began  in  December,  1906.  Development-work  only  is 
being  prosecuted,  the  mining  being  confined  to  headings  and  their  air 
courses.  Its  present  capacity  is  500  tons,  but  when  fully  developed  it 
will  have  an  output  of  1200  tons  daily. 

Arrangements  are  being  made  for  electric  haulage,  the  power  for  which 
will  be  furnished  by  the  generating  plant  of  Union  mine  No.  2,  which  is 
situated  directly  across  the  valley. 

The  tipple  designed  by  the-  JeflErey  Manufacturing  Company  is  quite 
elaborate,  special  attention  being  given  to  the  economical  cleaning  and 
handling  of  coal  and  refuse. 

A  Sullivan  cross-over  dump  is  used,  which  empties  the  coal  into  a 
weigh-box  of  6  tons  capacity;  the  coal  is  then  discharged  to  a  feed  con- 
veyor, which  regulates  the  depth  of  coal  on  the  picking-table;  from  the 
picking-table  the  coal  runs  into  railroad  cars  either  as  run-of-mine  coal, 
lump,  or  fine.  Conveyors  for  handling  refuse  are  also  employed.  The 
picking-table  and  conveyors  are  operated  by  electric  motors. 

A  12-foot  ventilating  fan  is  used,  and  no  pumps  are  required.  Sixty 
men  on  the  average  were  employed  during  1907. 

Union  mine  No.  2 — also  owned  and  operated  by  the  New  York  Mining 
Company — is  situated  on  the  east  side  of  Jennings  Eun  Valley,  directly 
opposite  Union  No.  1,  and  is  reached  by  a  switchback  from  the  Cumber- 
land and  Pennsylvania  Eailroad. 

This  mine  has  been  in  operation  since  1894  and  has  a  present  capacity 
of  1500  tons. 

As  at  the  other  mines,  no  machines  are  employed,  all  the  mining  being 
done  by  hand.  The  coal  is  hauled  to  the  main  heading  by  horses,  thence 
to  the  tipple  by  electric  motors.  The  power  plant  has  a  normal  capacity 
of  400  horse-power;  this  is  now  being  increased  so  as  to  furnish  power 
for  Union  mine  No.  1.  There  were  450  men  employed  on  the  average 
during  1907. 

Ventilation  is  furnished  by  two  fans  of  16  and  12  feet  in  diameter. 
Over  400  men  are  employed. 
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The  company  has  also  opened  np  the  Tyson  seam,  just  above  Union  No. 
2,  and  already  10  to  12  men  are  engaged  in  the  operation.  When  a 
mechanical  system  of  ventilation  is  installed  a  large  amount  of  high 
grade  coal  can  be  mined  from  this  seam. 

Carlos  mine — operated  by  the  Barton  and  Georges  Creek  Valley  Coal 
Company — is  situated  at  the  end  of  the  Carlos  branch  of  the  Cumberland 
and  Pennsylvania  Railroad,  about  two  miles  southwest  of  Frostburg. 

The  capacity  is  900  tons  daily,  and  about  209  men  were  employed 
during  1907. 

The  coal  lies  below  water-level,  and  is  brought  to  the  surface  through 
a  slope  2400  feet  long,  the  grade  of  which  averages  10  feet  to  the  hun- 
dred. A  double  14"  x  18"  haulage-engine  is  used,  handling  about  50  tons 
per  trip. 

Two-stage  centrifugal  pumps,  of  a  total  capacity  of  1000  gallons  per 
minute,  were  used  to  handle  the  water,  but  now  natural  drainage  is 
afforded  by  the  water-tunnel  of  the  Consolidation  Coal  Company. 

Two  ISO-horse-power  return-tubular  boilers  furnish  steam  for  haulage- 
engine,  ventilating-engines,  etc.    No  mining  machines  are  used. 

Potomac  mine, — ^This  mine  is  owned  and  operated  by  the  Potomac  Coal 
Company,  and  is  situated  about  one  mile  southeast  of  the  town  of  Barton. 

As  the  mine  opening  is  somewhat  over  one  mile  from  the  Cumberland 
and  Pennsylvania  Bailroad,  a  steam  locomotive  is  used  on  the  4-foot 
gauge  tram-road  that  connects  the  mine  with  the  railroad.  Tram-cars  of 
3  tons  capacity  are  used. 

The  Bakerstown  or  "4-foot^'  is  the  seam  of  coal  worked,  which  at 
this  point  shows  an  average  thickness  of  30  inches  of  clean  coal. 

The  "  room  and  pillar  *^  method  of  mining  is  used ;  rooms  driven  30 
and  40  feet  wide,  while  the  pillars  never  exceed  20  feet  in  thickness.  Top 
is  taken  down  in  the  headings  to  give  height  for  the  small  mules  that  are 
used  to  haul  the  coal. 

The  mine  cars  have  a  capacity  of  1500  pounds.  Ventilation  is  fur- 
nished by  a  20-foot  fan,  and  the  drainage  is  natural.  .The  capacity  of  the 
mine  is  300  tons  daily,  and  about  74  men  were  employed  during  1907. 
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The  company  has  also  opened  up  the  Tyson  seam,  just  above  Union  No. 
2,  and  already  10  to  12  men  are  engaged  in  the  operation.  When  a 
mechanical  system  of  ventilation  is  installed  a  large  amount  of  high 
grade  coal  can  be  mined  from  this  seam. 

Carlos  mine — operated  by  the  Barton  and  Georges  Creek  Valley  Coal 
Company — is  situated  at  the  end  of  the  Carlos  branch  of  the  Cumberland 
and  Pennsylvania  Eailroad,  about  two  miles  southwest  of  Frostburg. 

The  capacity  is  900  tons  daily,  and  about  209  men  were  employed 
during  1907. 

The  coal  lies  below  water-level,  and  is  brought  to  the  surface  through 
a  slope  2400  feet  long,  the  grade  of  which  averages  10  feet  to  the  hun- 
dred. A  double  14"  x  18"  haulage-engine  is  used,  handling  about  50  tons 
per  trip. 

Two-stage  centrifugal  pumps,  of  a  total  capacity  of  1000  gallons  per 
minute,  were  used  to  handle  the  water,  but  now  natural  drainage  is 
afforded  by  the  water-tunnel  of  the  Consolidation  Coal  Company. 

Two  150-hor8e-power  return-tubular  boilers  furnish  steam  for  haulage- 
engine,  ventilating-engines,  etc.    No  mining  machines  are  used. 

Potomac  mine, — This  mine  is  owned  and  operated  by  the  Potomac  Coal 
Company,  and  is  situated  about  one  mile  southeast  of  the  town  of  Barton. 

As  the  mine  opening  is  somewhat  over  one  mile  from  the  Cumberland 
and  Pennsylvania  Eailroad,  a  steam  locomotive  is  used  on  the  4-foot 
gauge  tram-road  that  connects  the  mine  with  the  railroad.  Tram-cars  of 
3  tons  capacity  are  used. 

The  Bakerstown  or  "4- foot''  is  the  seam  of  coal  worked,  which  at 
this  point  shows  an  average  thickness  of  30  inches  of  clean  coal. 

The  "  room  and  pillar ''  method  of  mining  is  used ;  rooms  driven  30 
and  40  feet  wide,  while  the  pillars  never  exceed  20  feet  in  thickness.  Top 
is  taken  down  in  the  headings  to  give  height  for  the  small  mules  that  are 
used  to  haul  the  coal. 

The  mine  cars  have  a  capacity  of  1500  pounds.  Ventilation  is  fur- 
nished by  a  20-foot  fan,  and  the  drainage  is  natural.  .The  capacity  of  the 
mine  is  300  tons  daily,  and  about  74  men  were  employed  during  1907. 
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the  georges  creek  coal  and  iron  company. 

The  Georges  Creek  Coal  and  Iron  Company  now  operate  four  drift 
mines  in  the  Pittsburg  seam  or  "Big  Vein''  and  have  lately  opened 
two  mines  in  the  Upper  Sewickley  or  "  Tyson ''  seam.  The  "  Big  Vein '' 
mines  operated  are  mine  No.  1,  a  mile  north  of  Lonaconing;  mine  No. 
12,  two  miles  northeast  of  Lonaconing;  mine  No.  13,  on  east  side  of  valley, 
above  Lonaconing,  and  mine  No.  14,  on  west  side  of  valley,  one  and  one- 
half  miles  from  Lonaconing.    The  Tyson  mines  are  No.  16  and  No.  17. 

Mine  No.  1  of  the  Georges  Creek  Coal  and  Iron  Company  lies  on  the 
west  side  of  the  Georges  Creek  valley,  three-fourths  of  a  mile  north  of  the 
corporate  limits  of  the  town  of  Lonaconing.  No.  1  mine  has  connections 
with  and  tipples  on  both  the  Cumberland  and  Pennsylvania  and  the 
west  branch  of  the  Georges  Creek  and  Cumberland  Railroad.  In  1907 
130  men  were  employed.  The  coal  is  brought  from  the  interior  of  the 
mine  to  the  surface  by  a  double  tail-rope  system  operated  by  a  stationary 
engine  on  the  surface  having  four  drums  6  feet  in  diameter  and  3  feet 
wide  and  winding  a  J-inch  hemp-center  steel-wire  rope.  The  engine  is 
supplied  by  a  150-horse-power  return-tubular  boiler.  At  the  mouth  of  the 
mines  the  tail-rope  is  disconnected  and  the  loaded  cars  run  themselves 
by  gravity  down  an  S^  grade  to  a  landing  near  the  tipple  on  the  Cumber- 
land and  Pennsylvania  Railroad,  whence  they  are  run  by  hand  into  the 
tipple.  The  empty  cars,  after  being  dumped,  run  from  the  tipple  by 
gravity  back  toward  the  mine.  The  track  on  which  they  return  is  long 
enough  to  hold  30  empty  cars  at  a  time.  This  track  is  constructed 
with  a  sufficient  grade  so  that  the  front  car  of  each  "  trip  "  of  30  empty 
cars  to  be  pulled  into  the  mine  will  run  to  the  place  where  the  main  pull- 
ing rope  disconnected  from  the  "  trip  "  of  loaded  cars  can  be  attached 
to  it. 

When  mine  cars  from  mine  No.  1  are  to  be  run  to  the  tipple  on  the 
Georges  Creek  and  Cumberland  Railroad  the  tail-rope  is  disconnected  from 
the  front  end  of  the  "  trip  ^^  of  loaded  cars  when  it  reaches  the  mouth  of 
the  mine  and  in  place  of  it  one  end  of  a  "  cut-off  "  rope  or  long  link  is 
attached  to  the  front  end  of  the  "  trip.^^  The  "  cut-off  ^^  rope  passes  out 
the  center  of  the  track  to  a  '*  bull  wheel  '^  near  the  tipple,  around  this 
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wheel  and  returns  along  the  side  of  the  track  to  the  month  of  the  mine. 
The  tail-rope,  which  is  disconnected  from  the  "  trip/^  is  attached  to  the 
other  end  of  the  "  cut-off ''  rope,  and  the  tail-rope  then  pulls  the  "  trip  '^ 
of  cars  to  the  tipple  on  the  Georges  Creek  and  Cumberland  Railroad, 
taking  the  pulling-rope,  which  is  still  attached  to  the  other  end  of  the 
"  trip/'  with  it.  When  the  "  trip  "  of  empty  cars  is  brought  back  to  the 
mouth  of  the  mine  by  the  pulling-rope,  both  ends  of  the  "  cut-off  "  rope 
are  brought  back  to  the  mouth  of  the  mine  where  it  is  disconnected  from 
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Fig.  8. — Sketch  of  Basket  employed  in  Loading  Cars  by  Georges  Creek  Coal 

and  Iron  Company. 

the  "  trip  "  and  tail-rope  and  the  latter  is  replaced  on  the  hind  end  of  the 
"  trip  "  going  into  the  mine.  The  "  cut-off  "  rope  is  thus  left  in  position 
for  connecting  into  the  haulage  system  when  needed.  The  main  tipple 
of  mine  No.  1  on  the  Cumberland  and  Pennsylvania  Eailroad  is  a  Mitchell 
tipple  with  an  iron  basket  attachment.  The  coal  is  first  dumped  into  the 
basket  and  then  the  basket  containing  the  coal  is  lowered  into  the  rail- 
road cars,  the  main  object  of  the  basket  being  to  prevent  breakage  of  the 
coal  and  therefore  obtain  a  greater  percentage  of  lump  coal.  The  basket 
is  suspended  by  a  wire  rope  wound  around  a  drum.    The  weight  of  the 
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coal  from  a  mine  car  dumped  into  the  iron  basket  causes  the  basket 
to  descend,  the  drum  is  turned  and  another  wire  rope  with  a  weight 
attached  is  wound  upon  a  drum  of  larger  diameter  on  the  same  shaft  as 
the  smaller  drum.  When  the  basket  has  been  lowered  to  the  desired 
height  it  is  opened  by  chains  which  connect  it  with  the  framework  of  the 
tipple.  When  the  coal  is  emptied  from  the  basket  the  weights  attached 
to  the  rope  of  the  larger  drum  wind  the  basket  rope  upon  the  smaller 
drum  again  and  lift  the  basket  up  to  the  level  of  the  floor  of  the  tipple. 
The  basket  is  controlled  by  a  brake  band  on  the  larger  drum  which  is 
operated  by  a  lever.  In  addition  to  the  Mitchell  tipple  the  dump  has 
also  a  chute  for  loading  box  cars.  On  the  Georges  Creek  and  Cumberland 
Railroad  the  tipple  for  loading  the  coal  from  mine  No.  1  is  of  the  ordinary 
frame  back-balance  pattern. 

The  entrance  to  mine  No.  1  is  very  nearly  at  the  center  of  the  coal 
basin.  It  reaches  the  coal  that  lies  on  the  western  slope  of  the  basin  and 
is  self-draining,  while  old  No.  4,  nearby,  and  not  now  worked,  is  in  that 
part  of  the  "  Big  Vein  "  coal  lying  in  the  center  of  the  basin  and  on  its 
eastern  slope.  The  grades  in  the  latter  mine  are  very  irregular  even  on 
the  general  line  of  strike  of  the  coal  basin  where  one  would  expect  to  find 
a  nearly  uniform  water-level  grade.  Mine  No.  4  is  partly  drained  by  a 
connection  with  the  Consolidation  Coal  Company's  drainage  tunnel  and 
at  present  no  pumps  are  needed  for  draining  either  of  these  mines. 

Two  fans  of  Guibal  pattern  of  12  and  20  feet  diameter  respectively 
furnish  exhaustive  ventilation  to  mine  No.  1.  The  fans  are  supplied  by 
steam  from  the  same  boiler  that  supplies  the  stationary  haulage  engines. 
The  gauge  of  the  mine-car  tracks  used  at  these  two  mines  is  3  feet 
and  the  cars  weigh  1800  to  2000  pounds  when  empty  and  have  a  capacity 
of  2i  tons  of  coal.  No  coal-cutting  or  mining  machinery  is  used  here 
or  in  any  other  of  this  company's  mines  in  the  Georges  Creek  region. 
The  "  Big  Vein ''  coal  is  from  10  to  11  feet  thick  in  these  mines. 

Mine  No.  12  of  the  Georges  Creek  Coal  and  Iron  Company  is  a  drift 
mine  in  a  detached  area  of  the  *^  Big  Vein ''  that  lies  on  the  east  side  of 
Georges  Creek  valley  near  the  eastern  rim  of  the  coal  basin,  midway 
between  the  old  mines  Nos.  3  and  9  of  the  same  company.     The  mine  is 
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connected  with  the  Georges  Creek  and  Cumberland  Eailroad  over  which 
the  coal  from  it  is  shipped,  by  a  4-rail  gravity  plane  2200  feet  long.  The 
tipple  is  of  the  usual  plain  chute  type  common  to  the  region.  This  mine 
was  opened  and  coal  first  shipped  from  it  in  1903. 

Mine  No,  IS, — ^This  mine  is  on  the  east  side  of  the  Georges  Creek 
valley  above  the  town  of  Lonaconing,  on  the  Georges  Creek  and  Cumber- 
land Railroad.  The  capacity  is  about  140  tons  a  day,  and  an  average  of 
35  men  were  employed  in  1907.  The  "  Big  Vein  "  seam  is  about  10  feet 
thick,  and  is  mined  by  drift.  The  tipple  is  about  50  feet  from  the  mouth 
of  the  mine.  The  gauge  of  the  mine  tracks  is  3^  feet.  The  mine  cars 
weigh  from  1800  to  2000  pounds,  and  when  loaded  hold  2^  tons  of  coal. 
This  mine  has  natural  drainage  and  ventilation.  The  coal  is  mined  ex- 
clusively by  pick-work,  the  usual  room  and  pillar  system  of  mining  being 
used.  The  rooms  are  driven  14  feet  wide  with  point  lines  40  feet  apart. 
The  cover  is  not  great. 

Mine  No,  H, — This  mine  is  on  the  west  side  of  the  Georges  Creek 
valley  about  one  and  one-half  miles  from  Lonaconing,  on  the  Georges 
Creek  and  Cumberland  Railroad.  The  capacity  is  about  75  tons  a  day, 
and  an  average  of  20  men  were  employed  in  1907.  The  "Big  Vein*' 
seam  is  about  10  feet  thick,  and  is  mined  by  drift.  The  coal  at  this  mine 
raises  very  fast — about  9  feet  to  the  100.  The  coal  is  brought  to  the 
tipple  by  horses.  The  mine  has  natural  drainage  and  ventilation.  The 
system  of  mining  is  the  same  as  mine  No.  13. 

Mine  No,  16  of  the  Georges  Creek  Coal  and  Iron  Company  is  a  drift 
opening  in  the  upper  half  of  the  Upper  Sewickley,  Tyson,  or  "  Three  and 
a  half-foot  seam*'  on  the  hillside  just  above  the  opening  of  .the  drift  of 
mine  No.  1  ("Big  Vein^').  A  retarding  conveyor  and  washing  plant 
for  this  mine  has  just  been  put  in  operation.  The  mine  was  opened  in 
1903  and  the  output  is  as  yet  limited.  The  plant  of  this  mine,  which  has 
just  been  built,  consists  of  three  150-horse-power  horizontal  tubular  boil- 
ers. A  238-horse-power  engine  drives  an  electric  generator,  which  in 
turn  supplies  the  power  for  two  stationary  electric  motors,  one  of  which 
(of  40-horse-power)  operates  the  endless  rope  of  the  retarding  conveyor. 
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the  other  a  30-horse-power  motor  runs  the  machinery  that  washes  and 
elevates  the  washed  coal  from  the  washer  to  the  storage  bins. 

The  coal  is  brought  from  mine  No.  16  to  the  tipple  by  the  retarding 
conveyor  1000  feet  long.  At  the  lower  end  of  the  conveyor  the  coal 
passes  over  a  screen.  The  lump  coal  is  loaded  directly  into  the 
railroad  cars  and  the  screen  coal  is  transferred  by  a  screw  conveyor 
to  the  washer.  The  washed  coal  is  elevated  into  the  storage  bins  from 
which  it  is  loaded  into  cars  on  a  siding  of  the  Cumberland  and  Pennsyl- 
vania Railroad  as  it  is  needed  for  shipment.  The  electric  generator  also 
supplies  power  for  a  4-ton  electric  motor  for  haulage  in  mines  No.  16 
and  No.  17.  The  mine  has  been  equipped  with  a  12-foot  Guibal  fan, 
which  also  ventilates  mine  No.  17.  Thirty-five  men  were  employed  in 
1907. 

Mine  No.  17  is  a  drift  into  the  same  coal  bed  as  mine  No.  16  and  its 
entrance  is  on  the  hillside  just  above  the  mouth  of  the  old  drift  of  the 
Georges  Creek  Coal  and  Iron  Company^s  "  Big  Vein  "  mine  No.  4^.  A 
short,  steep  gravity  plane  connects  the  mine  with  its  tipple  on  the  Georges 
Creek  and  Cumberland  Railroad  and  a  tramway  2200  feet  long  joins  it 
with  the  retarding  conveyor  near  mine  No.  16.  A  4-ton  electric  motor 
transfers  the  coal  from  the  mine  to  the  conveyor  over  the  tramway.  The 
tipples  of  mines  No.  16  and  17  are  entirely  independent  of  those  used 
for  loading  coal  from  the  "  Big  Vein  "  mines  in  their  vicinity.  A  tem- 
porary wooden  stack  is  used  for  ventilation.  The  interior  workings  of 
mines  No.  16  and  No.  17  will  eventually  meet  and  the  haulage  and 
ventilating  systems  of  mine  No.  16  will  be  extended  into  this  mine. 

A  panel  system  of  mining  is  employed  in  both  mines  No.  16  and  Xo. 
17.  Rooms  are  driven  in  sets  or  panels  of  ten  as  the  side  entries  advance. 
Each  panel  is  separated  from  the  next  by  a  barrier  pillar.  The  pillars 
between  the  rooms  are  drawn  as  soon  as  the  rooms  of  each  panel  are  up. 
After  the  pillars  are  drawn  the  haulage  ways  are  retained  l)y  the  necks 
of  the  rooms  and  a  protecting  stump  which  is  left  below  the  return  airway 
of  each  set  of  entries. 

The  mine  car  tracks  of  mines  No.  16  and  No.  17  have  a  gauge  of  42 
inches  and  mine  cars  weighing  1000  pounds  are  used.    Some  of  these  are 
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built  entirely  of  iron  but  the  bodies  of  the  larger  number  of  them  are 
wooden. 

THE  AMERICAN  COAL  COMPANY  OF  ALLEGANY  COUNTY. 

The  American  Coal  Company  operates  the  Jackson  mine,  near  Pekin, 
and  the  Caledonia  mine  at  Barton.  At  both  of  these  plants  the  "  Big 
Vein  "  is  worked  and  at  each  of  them  one  of  the  smaller  seams  overlying 
the  "  Big  Vein  "  is  mined,  that  at  the  Jackson  mine  being  the  Waynes- 
burg,  and  that  at  the  Caledonia  mine  the  Upper  Sewickley  or  "  Tyson.'' 

The  Jackson  mines  of  the  American  Coal  Company  are  situated  on  the 
eastern  side  of  the  Georges  Creek  coal  basin  above  Pekin.    The  main  seam 
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Fig.  9. — Sketch  showing  Tracks  and  Three-chute  Tipple,  Jackson  Mine, 

American  Coal  Company. 

operated  is  the  "  Big  Vein,"  which  in  the  mines  of  this  company  is  from 
13  to  14  feet  thick.  The  mine  employed  in  1907  about  88  men  on  the 
average.  Two  seams  of  coal  lying  alx)Ye  the  "  Big  Vein,"  the  "  Tyson," 
and  Waynesbnrg,  have  also  been  opened  and  the  coal  taken  from  them 
now  amounts  to  manv  tons  dailv.  In  the  main  mine  in  the  "  Biff  Vein  " 
a  tail-rope  system  one  mile  and  five-eighths  long  brings  the  coal  to  the 
mouth  of  the  drift,  whence  it  is  conveyed  by  a  22-ton  locomotive  over  a 
tram-road  one  mile  long  to  the  main  tipple  at  Lonaconing.  The  tail-rope 
employed  consists  of  two  drums  7  feet  in  diameter  winding  a  |-inch 
haulage  rope  and  a  j-inch  tail-rope.  A  Guibal  fan  25  feet  in  diameter 
with  a  maximum  speed  of  90  revolutions  per  minute  furnishes  com- 
pressive ventilation  for  the  "  Big  Vein  "  mine.    The  tail-rope  engine  as 
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well  as  the  fan  engine  are  supplied  with  steam  from  two  4J  x  14-f eet 
return-tubular  boilers  of  100  horse-power  each.  The  mines,  like  all 
others  now  operated  in  the  Georges  Creek  basin  south  of  Midland,  are 
drifts.  The  drainage  is  natural  and  no  pumps  are  required  to  dispose  of 
the  water.  The  coal  is  mined  by  pick  and  no  mining  machinery  is  used. 
In  the  "  Big  Vein  ^'  a  mine  car  is  used  weighing  when  empty  about  1850 
pounds  and  holding  about  2f  tons  of  coal  when  loaded.  In  the  mine  in 
the  Waynesburg  seam  a  mine  car  containing  about  1  ton  of  coal  is  used. 
The  cars  containing  coal  from  the  upper  vein  are  let  down  by  a  gravity 
plane  to  the  main  tramway.  The  mine  cars  of  this  company  difiEer  from 
those  generally  used  in  the  region  in  having  a  square  body  projecting 
over  the  wheels. 

The  coal  from  the  mine  in  the  "  Big  Vein  '^  is  mainly  dumped  through 
a  Mitchell  tipple  endwise  into  the  cars  on  the  siding  of  the  Georges  Creek 
and  Cumberland  Railroad.  Some  of  it  is,  however,  loaded  sidewise  and 
endwise  into  the  railroad  cars  over  two  other  plain  chutes  at  the  main 
Lonaconing  tipple.  The  coal  from  the  small  vein  is  loaded  into  the  rail- 
road cars  at  the  same  tipple  but  is  only  dumped  through  the  plain  chutes 
and  not  over  the  Mitchell  tipple. 

The  Caledonia  mines. — At  Barton,  four  miles  southwest  of  Lonaconing, 
the  American  Coal  Company  operate  their  Caledonia  mines.  Both  the 
"Big  Vein"  and  the  "Tyson"  coal  bed  lying  110  feet  above  it  are 
worked  by  drift  openings.  The  "  Big  Vein  "  lies  high  up  on  the  hill  on 
west  side  of  the  Georges  Creek  valley  and  coal  basin  and  a  gravity  plane 
2700  feet  long  connects  the  main  line  with  the  tipple  on  the  Cumberland 
and  Pennsylvania  Railroad  and  another  plane  400  feet  long  lets  down  the 
coal  from  the  mine  in  the  "  Tyson  "  seam  to  the  head  of  the  main  planes. 
The  coal  from  both  mines  is  lowered  over  the  main  plane  and  dumped 
over  one  tipple.  A  IJ-inch  wire-rope  is  used  on  the  longer  plane  and  1- 
inch  rope  on  the  shorter  one.  The  thickness  of  the  "  Big  Vein  "  at  the 
mines  is  13  feet  9  inches. 

The  maximum  daily  capacity  of  the  "  Big  Vein  "  Caledonia  mine  for 
1907  was  500  tons,  70  men  and  6  horses  being  used  in  the  production  of 
the  coal.    The  mine  cars  used  weigh  1820  pounds  when  empty  and  con- 
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tain  when  loaded  2|  tons  of  coal.  The  upper  coal  seam  is  about  6^  feet 
thick. 

The  greatest  daily  output  of  the  mine  in  the  "  Tyson  "  coal  bed  is  150 
tons  of  coal,  and  34  men  and  2  horses  were  employed  in  1907.  The  mine 
cars  used  in  the  upper  seam  are  very  little  smaller  and  lighter  in  weight 
than  those  used  in  the  "  Big  Vein/^  the  former  having  a  capacity  of  2 
tons  and  weighing  when  empty  1780  pounds.  The  gauge  of  mine  car 
tracks  is  3  feet.  The  ventilation  and  drainage  of  both  mines  is  natural. 
No  mine  pumps,  fans,  or  mining  machinery  are  used  or  needed.  The 
tipple  is  of  the  usual  pattern,  dumping  sidewise  into  the  railroad  cars. 

THE  MARYLAND   COAL   COMPANY. 

.  The  Maryland  Coal  Company^s  mines  are  Kingsland,  Appleton,  New 
Detmold,  and  Patton,  all  of  which  are  drifts  on  the  western  rise  of  the 
"  Big  Vein  "  near  Lonaconing. 

Kingsland  and  Appleton  mines. — On  the  northwestern  edge  of  the 
town  of  Lonaconing  and  on  the  west  side  of  Koontz  Run,  which  empties 
into  Georges  Creek  at  that  town,  are  the  Kingsland  and  Appleton  mines 
of  the  Maryland  Coal  Company.  The  coal  mined  is  the  breast  coal  of  the 
"  Big  Vein,^'  and  the  bottom  benches  also  when  the  roof  permits.  One 
hundred  and  four  men  on  the  average  were  employed  in  these  two 
mines  in  1907  in  hauling  and  handling  the  coal.  The  maximum  daily 
output  was  900  tons.  The  tipple  on  the  west  branch  of  the  Georges 
Creek  and  Cumberland  Eailroad,  close  to  the  mouth  of  the  Kingsland, 
serves  for  both  the  Kingsland  and  Appleton  mines.  A  tram  road 
(42-inch  gauge)  2200  feet  long  connects  the  latter  mine  with  the  tipple. 
A  long  gravity  plane  inside  of  this  mine  lands  the  loaded  mine  cars 
in  "  trips  "  of  13  cars  just  outside  of  the  Appleton  mine,  whence  they 
are  hauled  by  a  locomotive  weighing  10  tons  to  the  tipple.  A  wire-rope  of 
l^i-inch  diameter  is  used  in  operating  the  gravity  plane  in  the  Appleton 
mine.  The  rope  passes  five  times  around  a  set  of  wheels  of  6  feet  and  4 
inches  diameter  at  the  top  of  the  plane  and  13  loaded  mine  cars  going 
down  the  incline  lift  13  empty  cars  to  the  top  of  the  plane.  In  the  Kings- 
land  mine  liorses  alone  are  used  for  haulage.    In  both  the  Appleton  and 
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Kingsland  mines  the  coal  is  mined  to  the  "  rise,"  the  drainage  of  both  is 
natural,  and  no  pumping  machinery  is  required.  A  Guibal  fan  16  feet 
in  diameter  produces  exhaust  ventilation  for  the  Appleton  mine  and  a  fan 
of  the  same  pattern  12  feet  in  diameter  ventilates  Kingsland,  a  40-hor8e- 
power  boiler  supplying  steam  for  the  former  and  a  10-horse-power  boiler 
the  latter.  The  main  tipple  loads  endwise  into  the  railroad  cars  while 
an  auxiliary  tipple  close  to  the  main  one  supplies  coal  to  the  locomotives 
of  the  Georges  Creek  and  Cumberland  Railroad. 

The  Maryland  Coal  Company  has  opened  up  the  "  Tyson ''  seam  over 
the  mouth  of  the  Kingsland  mine  from  which  the  plane  runs  to  the 
"  Tyson  "  opening.    The  mine  is  provided  with  a  Stine  mine  fan. 


4         m-       — 


Fig.  11. — Sketch  showing  Track  Arrangement,  New  Detmold  Mine,  Maryland 

Coal  Company. 

The  Hiew  Detmold  and  Patton  mines  of  the  Maryland  Coal  Company 
are  situated  on  the  western  side  of  the  Georges  Creek  valley  and  of  the 
coal  basin,  three-quarters  of  a  mile  southeast  of  Lonaconing.  The  tipple 
is  at  the  end  of  the  west  branch  of  the  Georges  Creek  and  Cumberland 
Railroad  and  on  the  opposite  side  of  the  valley  from  the  tipple  of  the 
Jackson  mines  of  the  American  Coal  Company.  The  coal  from  the  Patton 
mine  of  the  Maryland  Coal  Company  is  brought  through  the  Xew 
Detmold  mine  to  the  New  Detmold  tipple.  In  1907  52  employees  were 
engaged  in  mining  and  shipping  coal  from  these  two  mines  and  a  num- 
ber of  horses  were  used  in  hauling  the  coal,  in  addition  to  a  tail-rope 
haulage  system.  The  maximum  daily  output  of  the  two  mines  was  1000 
tons  of  coal.  The  coal  operated  is  the  "  Big  Vein,"  which  at  this  ])oint 
of  the  Georges  Creek  valley  lies  high  up  on  the  hillside  about  the  level 
of  Georges  Creek. 
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Only  the  breast  coal  is  taken  out  of  these  mines  and  the  props  used 
are  8  feet  long.  The  tail-rope  system  is  operated  by  a  12  x  18-inch 
geared  engine  and  5-foot  drum  winding  a  f-inch  wire-rope  by  which 
the  mine  cars  are  brought  to  and  from  the  tipple  in  "  trips  ^'  of  24 
cars.  The  haulage  engine  is  supplied  with  steam  by  an  "  Economic  ^' 
boiler,  both  the  engine  and  boiler  being  located  in  the  engine-house 
close  to  the  mouth  of  the  mine  and  tipple.  A  Guibal  fan  having  a 
diameter  of  16  feet,  driven  by  an  "Economic*^  portable  engine  and 
situated  about  one-third  of  a  mile  northwest  of  the  tipple  and  mouth  of 
the  New  Detmold  mine  furnishes  compressive  ventilation  to  both  the 
New  Detmold  and  Patton  mines.  The  coal  is  mined  exclusively  by  pick 
and  no  mining  machinery  is  used.  No  pumps  are  required  to  drain  the 
mines  as  they  are  self-draining.  The  mine  car  tracks  at  all  the  mines 
of  the  Maryland  Coal  Company  have  a  gauge  of  42  inches  and  the 
mine  cars  weigh  1600  pounds  when  empty  and  have  a  capacity  of  5000 
pounds  of  coal.  An  ordinary  back-balance  tipple  is  used  and  an  auto- 
matic pin-puller  at  the  New  Detmold  mine.  The  tipple  loads  the  coal 
sidewise  into  the  railroad  cars. 

THE  NEW  CENTRAL  COAL  COMPANY. 

The  New  Central  Coal  Company  works  the  Koontz  mine  a  mile  north- 
west of  Lonaconing  and  the  "  Big  Vein  '^  mine  which  is  on  the  hill  above 
and  on  the  east  side  of  the  town  of  Lonaconing. 

Koontz  mine, — ^The  Koontz  mine,  operated  by  the  New  Central  Coal 
Company,  is  situated  a  mile  northwest  of  Lonaconing  and  has  its  tipple 
on  a  siding  or  spur  of  the  west  branch  of  the  Georges  Creek  and  Cumber- 
land Railroad.  Both  the  coals  of  the  Pittsburg  or  "  Big  Vein  "  and  of 
the  Upper  Sewickley,  or  "  Tyson,"  lying  110  feet  above  it,  are  mined  by 
drift  openings  on  the  east  side  of  Koontz  Run,  opposite  and  one-quarter 
of  a  mile  above  the  Maryland  Coal  Company's  Appleton  mine.  The  coal 
from  both  beds  is  brought  from  the  level  of  the  mouth  of  the  "  Big  Vein  " 
to  the  tipple  on  the  Georges  Creek  and  Cumberland  Railroad  by  a 
gravity  plane  900  feet  long.  The  main  mine  in  the  "Big  Vein"  is 
equipped  with  a  tail-rope  haulage  system  consisting  of  two  return-tubular 


Mabyland  Geological  Survey 


189 


boilers  60  inches  in  diameter  and  16  feet  long,  of  75  horse-power  each. 
A  double  engine  14  inches  by  24  inches  geared  3^  to  1  is  used  to  operate 
three  drums,  two  of  which  are  4  feet  in  diameter  and  one  5  feet  in 
diameter,  which  wind  a  main  haulage  rope  of  f-inch  diameter  and  a 
tail-rope  of  f -inch  diameter.  The  coal  in  the  "  Big  Vein  "  averages  9^ 
feet  thick  and  in  the  smaller  vein  above  about  40  inches.  The  Koontz 
mine  employed  in  1907  on  the  average  106  men.  The  mines  are  venti- 
lated by  two  fans  of  20  and  10  feet  diameters,  having  capacities 
respectively  of  60,000  and  25,000  cubic  feet  of  air  pressure  per  minute. 
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Fio.  12. — Sketch  showing  Tipple  and  Tracks,  Koontz  Mine,  New  Central  Coal 

Company. 

Compressive  ventilation  is  used.  The  mines  are  partly  self-draining 
and  partly  drained  by  the  old  workings  of  the  Georges  Creek  Coal  and 
Iron  Company  which  lie  between  this  mine  and  the  center  of  the  coal 
basin.  No  pumps  are  used  and  no  mining  machiner}'^,  the  coal  being 
cut  entirely  by  pick-work.  The  usual  system  of  room  and  pillar  work 
used  throughout  the  region  is  employed  for  taking  out  the  coal.  Two 
sizes  of  mine  cars  are  used,  one  for  each  coal  bed  mined.  The  cars  in 
use  in  the  "  Big  Vein  "  or  main  mine  have  a  capacity  of  two  tons  five 
hundred  weight  of  coal  and  weigh  when  empty  1700  pounds.  The  gauge 
of  track  of  both  mines  is  42  inches.  The  tipple  is  of  frame  and  the  coal 
is  dumped  endwise  into  the  railroad  cars.     The  tipple  has  a  plain  chute 
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Only  the  breast  coal  is  taken  out  of  these  mines  and  the  props  used 
are  8  feet  long.  The  tail-rope  system  is  operated  by  a  12  x  18-inch 
geared  engine  and  5-foot  drum  winding  a  f-inch  wire-rope  by  which 
the  mine  cars  are  brought  to  and  from  the  tipple  in  *^  trips  ^'  of  24 
cars.  The  haulage  engine  is  supplied  with  steam  by  an  "  Economic '' 
boiler,  both  the  engine  and  boiler  being  located  in  the  engine-house 
close  to  the  mouth  of  the  mine  and  tipple.  A  Guibal  fan  having  a 
diameter  of  16  feet,  driven  by  an  "Economic^'  portable  engine  and 
situated  about  one-third  of  a  mile  northwest  of  the  tipple  and  mouth  of 
the  New  Detmold  mine  furnishes  compressive  ventilation  to  both  the 
New  Detmold  and  Patton  mines.  The  coal  is  mined  exclusively  by  pick 
and  no  mining  machinery  is  used.  No  pumps  are  required  to  drain  the 
mines  as  they  are  self-draining.  The  mine  car  tracks  at  all  the  mines 
of  the  Maryland  Coal  Company  have  a  gauge  of  42  inches  and  the 
mine  cars  weigh  1600  pounds  when  empty  and  have  a  capacity  of  5000 
pounds  of  coal.  An  ordinary  back-balance  tipple  is  used  and  an  auto- 
matic pin-puller  at  the  New  Detmold  mine.  The  tipple  loads  the  coal 
sidewise  into  the  railroad  cars. 

THE  NEW  CENTRAL  COAL  COMPANY. 

The  New  Central  Coal  Company  works  the  Koontz  mine  a  mile  north- 
west of  Lonaconing  and  the  ^'  Big  Vein  '^  mine  which  is  on  the  hill  above 
and  on  the  east  side  of  the  town  of  Lonaconing. 

Koontz  mine. — ^The  Koontz  mine,  operated  by  the  New  Central  Coal 
Company,  is  situated  a  mile  northwest  of  Lonaconing  and  has  its  tipple 
on  a  siding  or  spur  of  the  west  branch  of  the  Georges  Creek  and  Cumber- 
land Railroad.  Both  the  coals  of  the  Pittsburg  or  "  Big  Vein  "  and  of 
the  Upper  Sewickley,  or  "  Tyson,''  lying  110  feet  above  it,  are  mined  by 
drift  openings  on  the  east  side  of  Koontz  Eun,  opposite  and  one-quarter 
of  a  mile  above  the  Maryland  Coal  Company's  Appleton  mine.  The  coal 
from  both  beds  is  brought  from  the  level  of  the  mouth  of  the  "  Big  Vein  " 
to  the  tipple  on  the  Georges  Creek  and  Cumberland  Eailroad  by  a 
gravity  plane  900  feet  long.  The  main  mine  in  the  "Big  Vein"  is 
equipped  with  a  tail-rope  haulage  system  consisting  of  two  return-tubular 
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boilers  60  inches  in  diameter  and  16  feet  long,  of  75  horse-power  each. 
A  double  engine  14  inches  by  24  inches  geared  3^  to  1  is  used  to  operate 
three  drums,  two  of  which  are  4  feet  in  diameter  and  one  5  feet  in 
diameter,  which  wind  a  main  haulage  rope  of  f-inch  diameter  and  a 
tail-rope  of  |-inch  diameter.  The  coal  in  the  "  Big  Vein  "  averages  9^ 
feet  thick  and  in  the  smaller  vein  above  about  40  inches.  The  Koontz 
mine  employed  in  1907  on  the  average  106  men.  The  mines  are  venti- 
lated by  two  fans  of  20  and  10  feet  diameters,  having  capacities 
respectively  of  60,000  and  25,000  cubic  feet  of  air  pressure  per  minute. 
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Fig.  12. — Sketch  showing  Tipple  and  Tracks,  Koontz  Mine,  New  Central  Coal 

Company. 

Compressive  ventilation  is  used.  The  mines  are  partly  self-draining 
and  partly  drained  by  the  old  workings  of  the  Georges  Creek  Coal  and 
Iron  Company  which  lie  between  this  mine  and  the  center  of  the  coal 
basin.  No  pumps  are  used  and  no  mining  machinery,  the  coal  being 
cut  entirely  by  pick-work.  The  usual  system  of  room  and  pillar  work 
used  throughout  the  region  is  employed  for  taking  out  the  coal.  Two 
sizes  of  mine  cars  are  used,  one  for  each  coal  bed  mined.  The  cars  in 
use  in  the  "  Big  Vein ''  or  main  mine  have  a  capacity  of  two  tons  five 
hundred  weight  of  coal  and  weigh  when  empty  1700  pounds.  The  gauge 
of  track  of  both  mines  is  42  inches.  The  tipple  is  of  frame  and  the  coal 
is  dumped  endwise  into  the  railroad  cars.    The  tipple  has  a  plain  chute 
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furnished  with  an  automatic  and  ingenious  but  rather  complicated  pin- 
puller.    The  "  Big  Vein  "  seam  at  this  mine  is  something  over  12  feet. 

Enough  rock  above  the  coal  is  taken  down  in  the  headings  in  the 
small  vein  to  allow  headroom  for  men  and  mules  to  pass  under.  In 
working  rooms  only .  the  coal  is  taken  out  and  the  small  empty  cars 
are  pushed  by  the  miners  from  the  heading  to  the  working  faces  and 
when  loaded  are  run  by  gravity  to  the  headings.  A  tail-rope  haulage 
system  operated  by  a  stationary  engine,  located  on  the  outside,  brings 
the  mine  cars  from  the  side  headings  in  the  interior  of  the  mine  to 
the  head  of  the  outside  gravity  plane  near  the  level  of  the  drift  mouths 
of  the  ^^  Big  Vein  "  mine. 

"Big  Vein''  mine, — The  "Big  Vein"  mine  was  operated  by  the 
Coromandel  Coal  Company  until  July  1,  1907,  when  it  was  conveyed 
back  to  the  New  Central  Coal  Company,  who  formerly  owned  it.  It  is 
a  drift  mine  in  the  outcrop  of  the  "  Big  Vein  "  on  the  hill  above  and  on 
the  east  side  of  the  town  of  Lonaconing.  The  tipple  on  the  east  branch 
of  the  Georges  Creek  and  Cumberland  Railroad  is  close  to  the  entrance 
to  the  mine.  Twenty-five  men  on  the  average  were  employed  in  1907. 
The  ventilation  and  drainage  are  both  natural  and  horse-power  is  used 
exclusively  for  haulage.  The  coal  is  mined  by  hand  pick-work.  The 
mine  cars  weigh  1760  pounds  empty  and  hold  two  tons  five  hundred 
weight  of  coal.  The  gauge  of  tracks  is  42  inches.  The  tipple  is  of  frame, 
dumping  sidewise  into  the  railroad  cars. 

THE  PIEDMONT  AND  GEORGES  CREEK  COAL  COMPANY. 

The  Piedmont  and  Georges  Creek  Coal  Company  operates  Washing- 
ton mine  No.  1  at  the  head  of  Washington  Hollow  between  the  Eckhart 
and  Hoffman  mines  of  the  Consolidation  Coal  Company;  Washington 
mine  No.  2  one  mile  east  of  Frostburg ;  Washington  mine  No.  3  on  the 
west  side  of  Georges  Creek  about  one-half  mile  south  of  Franklin  Sta- 
tion ;  Washington  mine  No.  4  on  the  east  side  of  Georges  Creek  directly 
opposite  Washington  mine  No.  3;  and  Washington  mine  No.  5  opposite 
Franklin. 


Maryland  Geological  Survey  191 

Washington  mine  No.  1, — The  Washington  mine  No.  1  is  located  at 
the  head  of  Washington  Hollow  between  the  Eckhart  and  Hoffman 
mines  of  the  Consolidation  Coal  Co.  It  is  about  one  mile  east  of  the 
synclinal  axis  of  the  Georges  Creek  basin,  and  about  one  and  one-half 
miles  east  of  the  town  of  Frostburg,  Md. 

The  property,  which  covers  about  200  acres,  was  secured  by  lease  from 
the  Consolidation  Coal  Company,  and  consists  principally  of  old  work- 
ings. The  Washington  mine,  which  was  among  the  first  operated  in  the 
Georges  Creek  field,  was  opened  sometime  in  the  forties,  and  was  oper- 
ated until  1852.  It  was  then  abandoned  and  lay  dormant  until  1900, 
when  it  was  reopened,  and  over  one-half  million  tons  of  coal  which  was 
supposed  to  have  been  lost  has  been  regained. 

The  openings  consist  of  three  drifts  made  into  the  outcrop  of  the 
Georges  Creek  "Big  Vein^*  or  Pittsburg  seam,  and  have  an  elevation 
of  about  125  feet  above  the  tracks  of  the  Eckhart  Branch  of  the  Cumber- 
land and  Pennsylvania  Railroad. 

The  mining  is  all  pick-work,  nor  would  the  conditions  of  the  pillars 
in  the  mines  permit  any  other  method.  Sixty  men  were  employed  in 
1907. 

Timbering  and  advancing  in  these  old  workings  is  extremely  expensive 
on  account  of  the  enormous  amount  of  roof  which  has  fallen,  due  to  the 
long  period  during  which  the  mines  stood  without  timber.  The  ad- 
vancing is  also  made  difiBcult  by  the  irregularities  of  the  old  workings,  as 
in  some  places  the  coal  was  mined  out  clean,  and  the  rock  broke  clear  up 
to  the  surface,  and  in  order  to  extend  the  road-ways  around  the  sections 
that  have  been  pillared,  it  is  rather  difficult  and  expensive,  besides 
greatly  affecting  the  grade  and  alignment  of  the  road-ways,  which  are 
difficult  to  maintain,  due  to  their  proximity  to  the  pillared  territory. 

The  haulage  is  all  done  by  horses,  and  it  requires  the  best  obtainable 
to  stand  the  work,  owing  to  the  heavy  grades  (which  average  about  10;^). 
The  horses  are  worked  tandem,  and  it  requires  two  of  them  to  pull  one 
2-ton  car  on  this  grade. 

The  cars  are  of  a  recent  type,  built  of  iron  ribs.  The  wheels  and  axles 
both  turn,  making  them  ver}-  easy  running.     They  hold  from  2  to  2^ 
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tons  of  coal  when  topped  with  lumps.  The  gauge  of  track  is  3^  feet, 
and  nothing  but  16-pound  steel  T-rails  are  used  in  this  mine. 

The  mine  is  ventilated  with  a  4-foot  Eobinson  fan,  which  is  directly 
connected  to  engine,  the  speed  of  which  is  about  350  revolutions  per 
minute. 

When  the  coal  is  delivered  to  the  mouth  of  the  mines,  it  is  then  col- 
lected in  trips  of  six  cars,  and  let  down  an  incline  plane  a  distance  of 
1600  feet.  The  plane  is  operated  by  machinery,  consisting  of  two 
grooved  wheels  lying  horizontal,  and  axe  so  constructed  as  to  permit  an 
inch  wire  rope  to  pass  around  the  front  wheel  three  times,  and  the  back 
wheel  four  times  (this  is  to  keep  the  rope  from  slipping).  On  the 
wheels  is  a  brake  attachment  so  connected  to  a  lever  that  the  operator 
has  perfect  control  of  the  descending  trip  of  coal  cars  at  any  point. 

When  the  trip  has  landed  at  the  foot  of  the  plane,  it  is  then  passed 
over  tlie  mine  scales,  the  weigh-man  giving  full  credit  to  the  miner  for 
the  contents  of  the  car,  whose  check  number  appears  on  the  car,  after 
which  the  car  is  run  on  the  tipple,  and  dumped  into  the  railroad  cars 
for  shipment. 

Washington  mine  No.  2  is  located  on  the  Eckhart  Branch  of  the 
Cumberiand  and  Pennsylvania  Eailroad  near  Eckhart  and  one  mile  east 
of  Frostburg. 

The  territory  embraces  two  tracts  of  50  and  300  acres  operated  under  a 
lease  from  Charies  Leatham  and  the  Consolidation  Coal  Company. 

The  first  shipment  of  coal  was  made  in  October,  1902.  The  mine  is  a 
drift  opening  in  the  outcrop  of  the  "  Big  Vein,'*  penetrating  the  aban- 
doned workings  of  the  /Etna  and  Eckhart  mines.  ^lany  obstacles  were 
at  first  encountered  in  opening  this  mine,  owing  to  accumulation  of 
water  and  falls  of  roof,  but  after  a  means  of  draining  had  been  found  by 
removing  falls,  a  much  larger  body  of  coal  was  found  in  the  form  of 
pillars  than  the  first  inspection  of  the  accessible  paris  of  the  mine  had 
led  the  company  to  expect.     The  coal  is  about  8  feet  thick. 

During  the  same  year  two  drift  openings  were  made  on  the  same 
property  in  the  outcrop  of  the  Upper  Sewickley  (Tyson)  coal.    In  1905 
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a  third  opening  was  made  about  400  feet  south  of  the  two  former 
openings,  which  is  now  the  main  hauling  way. 

The  coal  runs  from  3  feet  4  inches  to  4  feet  6  inches  in  thickness. 
There  are  no  slate  partings  or  bone  coal  found  in  the  seam  in  this  terri- 
tory, and  in  the  3500  feet  of  main  entry  which  has  been  driven  to  a 
point  near  the  eastern  corporate  limits  of  Frostburg  no  faults  have 
been  encountered. 

The  mine  is  opened  on  the  double  entry  system,  with  50-foot  pillars 
between  the  entries  and  about  35-foot  pillars  between  the  rooms.  The 
rooms  are  18  to  20  feet  wide. 

The  roof  is  blasted  down  in  the  entries  to  permit  the  use  of  5-foot 
mules,  and  the  shale  blasted  from  the  roof  is  stored  on  one  side  of  the 
entry  which  is  driven  16  to  18  feet  wide. 

The  hard  sandy  shale  which  forms  the  cover  over  the  coal  makes  an 
excellent  roof,  requiring  very  little  timbering.  No  roof  is  taken  down 
in  the  rooms. 

The  gauge  of  track  is  42  inches — 16-pound  steel  rails  are  used  in  the 
rooms  and  35-pound  rails  on  the  main  haul-ways. 

Ventilation  is  maintained  by  an  8-foot  direct-connected  Robinson  fan, 
driven  at  150  revolutions  per  minute,  working  compress! vely,  producing 
about  35,000  cubic  feet  of  air  per  minute. 

The  mine  cars  are  the  iron-rib  pattern,  equipped  with  double  brakes, 
having  a  capacity  of  about  1  ton  of  coal. 

The  tipple,  which  was  built  in  1906,  is  located  about  1500  feet  from, 
and  65  feet  below,  the  mouth  of  the  mine,  making  a  grade  on  the  tram- 
road  leading  to  the  tipple  of  about  4^  in  favor  of  the  loads. 

The  dumping  equipment  consists  of  two  automatic  cross-over  tipples, 
dumping  into  two  railroad  cars  on  separate  tracks. 

During  1906  an  electric  haulage  plant  was  installed.  The  power- 
house is  located  near  the  tipple.  The  plant  consists  of  one  150  H.  P. 
tubular  boiler  with  hot-water  feed  attachment,  one  100  K.  W.  250-volt 
belt-driven  ^renerator,  simple  engine,  and  three  electric  traction  locomo- 
tives, one  10  tons  and  two  4  tons. 

The  overhead  trollev  svstem  is  used,  and  the  small  locomotives,  besides 
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the  usual  trolley  pole,  are  also  equipped  with  an  automatic  reel  attach- 
ment for  carrying  300  to  500  feet  of  insulated  cable  conductor. 

When  it  is  desired  to  run  on  tracks  where  there  is  no  trolley  wire,  the 
cable  is  connected  to  the  trolley  wire  and  the  locomotive  is  propelled  by 
current  taken  through  the  cable.  The  cable  is  automatically  *^  paid  out  '^ 
as  the  locomotive  runs  away  from  the  trolley  wire,  and  automatically 
rewound  in  even  layers  with  uniform  tension  when  the  locomotive  returns. 
The  small  locomotives  are  used  to  gather  the  loaded  cars  from  the  rooms 
and  entries  to  central  points  and  placed  on  sidings  where  they  are  taken 
in  trips  of  25  to  50  cars  by  the  large  locomotive  and  hauled  to  the  tipple. 

The  main  haulage  road  is  graded  so  that  at  no  point  does  the  grade 
exceed  2^  against  the  loads.  About  175  men  were  employed  in  1907 
and  the  daily  capacity  was  about  850  tons.    The  mining  is  all  pick-work. 

Washington  mine  No.  3. — ^Washington  mine  No.  3  is  located  on  the 
west  side  of  Georges  Creek  about  one-half  mile  south  of  Franklin  Sta- 
tion, and  directly  opposite  Washington  mine  No.  4. 

The  territory  embraces  about  500  acres,  and  was  secured  by  a  lease 
from  Simon  Eoberts  &  Son,  Silas  Eees  Coal  Company,  and  others, 
together  with  300  acres,  which  the  company  owns  in  fee. 

There  are  two  drift  openings  in  the  out-crop  of  the  Lower  Kit  tanning 
or  "  Six  Foot  ^'  seam  on  the  west  side  of  the  synclinal. 

The  entrance  to  the  first  opening  is  104  feet  from  the  tipple,  the  coal 
having  an  elevation  of  50  feet  above  the  railroad  siding,  which  connects 
with  the  tracks  of  the  Cumberland  and  Pennsylvania  Eailroad,  the  coal 
being  conveyed  from  the  tipple  to  the  railroad  cars  through  a  74-foot 
chute.  During  1905  a  second  opening  was  made  500  feet  north  and  25 
feet  lower  than  the  first  opening,  and  connected  by  350  feet  of  tram-road 
to  a  new  tipple  which  is  equipped  with  an  automatic  cross-over  dump. 

The  new  opening  also  furnishes  a  gravity  drainage-way  for  the  entire 
mine,  having  been  started  8  feet  below  the  lowest  point  in  the  coal  basin 
in  tills  territory  and  driven  on  an  up  grade  of  2^  for  400  feet  through 
unconsolidated  material  to  the  outcrop  of  the  coal. 

The  mines  are  opened  on  the  double  entry  system,  the  entries  being 
driven  about  IG  feet  wide  and  50-foot  pillars  between  the  parallel  entries. 
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The  rooms  are  made  16  to  18  feet  wide  and  35  to  40-foot  pillars  between 
them.  On  the  south,  side  of  the  mine  the  mining  is  pick- work  exclusively, 
and  the  haulage  is  effected  by  mules. 

On  the  north  side  of  the  mine  one  Sullivan  continuous-cutter  electric 
mining  machine  is  used  and  the  coal  is  gathered  and  hauled  to  the 
tipple  by  a  4-ton  electric  traction  locomotive. 

The  coal  is  from  5  to  6  feet  in  thickness,  covered  by  a  hard  sandy 
sliale,  which  makes  an  excellent  roof  requiring  but  little  timbering. 

The  cars  used  are  of  the  iron-rib  pattern  equipped  with  double  brakes, 
having  a  capacity  of  about  2  tons  of  coal. 

The  gauge  of  track  in  this  mine,  as  in  all  other  mines  of  this  com- 
pany is  42  inches.  In  the  entries  and  rooms  where  the  haulage  is  done 
by  mules,  16-pound  steel  rails  are  used,  and  in  the  section  of  the  mine 
where  the  haulage  is  done  by  the  locomotives  35-pound  rails  are  used. 
Xo  wooden  rails  are  used  for  track  laying. 

Ventilation  is  produced  by  a  12-foot  direct^connected,  steam-driven 
fan,  working  compressively  at  120  revolution^  per  minute,  producing 
about  20,000  cubic  feet  of  air  per  minute.  The  maximum  daily  output 
of  coal  attained  at  this  mine  is  about  900  tons.  The  average  number  of 
men  employed  in  1907  was  165. 

During  1907  an  electric  power  plant  was  added  to  the  equipment  of 
this  mine.  The  plant  consists  of  two  horizontal  150  H.  P.  return- 
tubular  boilers,  with  hot^water  feed  attachments,  one  150  K.  W.  250-volt 
belt^driven  generator,  and  one  200  H.  P.  engine.  The  plant  was  com- 
pleted in  August  and  is  centrally  located  with  reference  to  mines  Nos. 
3,  4,  and  5.  The  plant  was  installed  with  a  view  to  furnishing  power 
for  the  three  mines  but  as  yet  only  mines  Nos.  3  and  5  are  equipped  for 
utilizing  the  power. 

Washington  mine  No.  Jf,  formerly  the  Hampshire  Mine  of  the  Pied- 
mont-Cumberland Coal  Company  and  acquired  by  the  Piedmont  and 
Georges  Creek  Coal  Company  in  November,  1906,  is  located  on  the  east 
side  of  Georges  Creek  and  on  the  east  side  of  the  synclinal,  directly  oppo- 
site Washington  mine  No.  3. 

The  territory  embraces  about  420  acres,  about  350  acres  being  covered 
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the  usual  trolley  pole,  are  also  equipped  with  an  automatic  reel  attach- 
ment for  carrying  300  to  500  feet  of  insulated  cable  conductor. 

When  it  is  desired  to  run  on  tracks  where  there  is  no  trolley  wire,  the 
cable  is  connected  to  the  trolley  wire  and  the  locomotive  is  propelled  by 
current  taken  through  the  cable.  The  cable  is  automatically  "  paid  out  '^ 
as  the  locomotive  runs  away  from  the  trolley  wire,  and  automatically 
rewound  in  even  layers  with  uniform  tension  when  the  locomotive  returns. 
The  small  locomotives  are  used  to  gather  the  loaded  cars  from  the  rooms 
and  entries  to  central  points  and  placed  on  sidings  where  they  are  taken 
in  trips  of  25  to  50  cars  by  the  large  locomotive  and  hauled  to  the  tipple. 

The  main  haulage  road  is  graded  so  that  at  no  point  does  the  grade 
exceed  2^  against  the  loads.  About  175  men  were  employed  in  1907 
and  the  daily  capacity  was  about  850  tons.    The  mining  is  all  pick-work. 

Washington  mine  No,  S. — ^Washington  mine  No.  3  is  located  on  the 
west  side  of  Georges  Creek  about  one-half  mile  south  of  Franklin  Sta- 
tion, and  directly  opposite  Washington  mine  No.  4. 

The  territory  embraces  about  500  acres,  and  was  secured  by  a  lease 
from  Simon  Eoberts  &  Son,  Silas  Eees  Coal  Company,  and  others, 
together  with  300  acres,  which  the  company  owns  in  fee. 

There  are  two  drift  openings  in  the  out-crop  of  the  Lower  Kittanning 
or  "  Six  Foot "  seam  on  the  west  side  of  the  synclinal. 

The  entrance  to  the  first  opening  is  104  feet  from  the  tipple,  the  coal 
having  an  elevation  of  50  feet  above  the  railroad  siding,  which  connects 
with  the  tracks  of  the  Cumberland  and  Pennsylvania  Eailroad,  the  coal 
being  conveyed  from  the  tipple  to  the  railroad  cars  through  a  74-foot 
chute.  During  1905  a  second  opening  was  made  500  feet  north  and  25 
feet  lower  than  the  first  opening,  and  connected  by  350  feet  of  tram-road 
to  a  new  tipple  which  is  equipped  with  an  automatic  cross-over  dump. 

The  new  opening  also  furnishes  a  gravity  drainage-way  for  the  entire 
mine,  having  been  started  8  feet  below  the  lowest  point  in  the  coal  basin 
in  this  teiTitory  and  driven  on  an  up  grade  of  2^  for  400  feet  through 
unconsolidated  material  to  the  outcrop  of  the  coal. 

The  mines  are  opened  on  the  double  entry  system,  the  entries  being 
driven  about  IG  feet  wide  and  50-foot  pillars  between  the  parallel  entries. 
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The  rooms  are  made  16  to  18  feet  wide  and  35  to  40-foot  pillars  between 
them.  On  the  south,  side  of  the  mine  the  mining  is  pick-work  exclusively, 
and  the  haulage  is  effected  by  mules. 

On  the  north  side  of  the  mine  one  Sullivan  continuous-cutter  electric 
mining  machine  is  used  and  the  coal  is  gathered  and  hauled  to  the 
tipple  by  a  4-ton  electric  traction  locomotive. 

The  coal  is  from  5  to  6  feet  in  thickness,  covered  by  a  hard  sandy 
shale,  which  makes  an  excellent  roof  requiring  but  little  timbering. 

The  cars  used  are  of  the  iron-rib  pattern  equipped  with  double  brakes, 
having  a  capacity  of  about  2  tons  of  coal. 

The  gauge  of  track  in  this  mine,  as  in  all  other  mines  of  this  com- 
pany is  42  inches.  In  the  entries  and  rooms  where  the  haulage  is  done 
by  mules,  16-pound  steel  rails  are  used,  and  in  the  section  of  the  mine 
where  the  haulage  is  done  by  the  locomotives  35-pound  rails  are  used. 
Xo  wooden  rails  are  used  for  track  laying. 

Ventilation  is  produced  by  a  12-foot  direct^connected,  steam-driven 
fan,  working  compressively  at  120  revolution^  per  minute,  producing 
about  20,000  cubic  feet  of  air  per  minute.  The  maximum  daily  output 
of  coal  attained  at  this  mine  is  about  900  tons.  The  average  number  of 
men  employed  in  1907  was  165. 

During  1907  an  electric  power  plant  was  added  to  the  equipment  of 
this  mine.  The  plant  consists  of  two  horizontal  150  H.  P.  return- 
tubular  boilers,  with  hot-water  feed  attachments,  one  150  K.  W.  250-volt 
belt-driven  generator,  and  one  200  H.  P.  engine.  The  plant  was  com- 
pleted in  August  and  is  centrally  located  with  reference  to  mines  Nos. 
3,  4,  and  5.  The  plant  was  installed  with  a  view  to  furnishing  power 
for  the  three  mines  but  as  yet  only  mines  Nos.  3  and  5  are  equipped  for 
utilizing  the  power. 

Washington  mine  No.  i,  formerly  the  Hampshire  Mine  of  the  Pied- 
mont-Cumberland Coal  Company  and  acquired  by  the  Piedmont  and 
Georges  Creek  Coal  Company  in  November,  1906,  is  located  on  the  east 
side  of  Georges  Creek  and  on  the  east  side  of  the  synclinal,  directly  oppo- 
site Washington  mine  No.  3. 

The  territory  embraces  about  420  acres,  about  350  acres  being  covered 
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by  a  lease  from  the  Morrison  heirs,  and  the  balance  being  owned  in  fee 
by  the  operating  company. 

The  mine  is  a  drift  opening  in  the  out-crop  of  the  Lower  Kittanning 
"  Six  Foot "  coal,  the  elevation  being  a  trifle  higher  than  Washington 
mine  No.  3. 

The  coal  is  mined  by  pick-work  exclusively  and  the  haulage  effected 
by  mules.  The  same  system  of  mining  is  employed  as  at  Washington 
mine  No.  3. 

Ventilation  is  produced  by  a  12-foot  direct-connected  fan  working 
compressively  at  100  revolutions  per  minute,  producing  about  20,000 
cubic  feet  of  air  per  minute. 

The  cars  are  the  iron-rib  pattern  equipped  with  double  brakes,  and 
hold  from  1  to  1^  tons  of  coal  when  topped  with  lumps.  Sixteen-pound 
steel  rails  are  used  throughout  the  mine. 

The  number  of  men  employed  at  this  mine  in  1907  was  about  70,  and 
its  daily  capacity  was  about  275  tons.  Drainage  is  principally  natural, 
assisted  by  a  2-inch  siphon. 

The  coal  is  let  down  a  short  gravity  plane  from  a  point  near  the  mouth 
of  the  mine  to  the  tipple,  and  then  dumped  into  the  railroad  cars,  which 
are  placed  on  a  siding  east  of,  and  connecting  with,  the  tracks  of  tlie 
Cumberland  and  Pennsylvania  Railroad. 

Washington  mine  No.  5  is  located  west  of  the  s}Ticlinal  axis  of  the 
coal  basin,  and  opposite  Franklin  Station  on  the  Cumberland  and  Penn- 
sylvania Railroad.  The  property  contains  about  230  acres,  is  known  as 
the  MichaePs  farm,  and  has  been  purchased  by  this  company. 

There  are  three  drift  openings  in  the  outcrop  of  the  Barton  or  Bakers- 
town  seam  about  450  feet  above  Georges  Creek.  The  mines  were  oj)ened 
in  the  fall  of  1906,  and  the  first  shipment  of  coal  was  made  in  August, 
1907. 

The  mines  are  opened  on  the  double-entry  system,  wnth  50-foot  pillars 
between  the  parallel  entries,  and  40-foot  pillars  between  the  rooms.  In 
addition  to  pick-mining,  one  Sullivan  continuous-cutter  electric  mining 
machine  is  used.  The  coal  seam  is  about  4  feet  in  thickness.  About  47 
men  were  employed  in  1907. 
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The  haulage  is  exclusively  electrical.  The  trolley  traction  system  is 
used.  The  locomotives  are  of  the  same  type  and  size  as  those  used  in 
Washington  mine  No.  2. 

The  cars  are  of  a  recent  type,  having  iron  ribs,  to  which  the  side  and 
bottom  board  are  bolted.  The  axles  are  round,  and  so  constructed  as  to 
permit  them  to  turn  with  the  wheel.  The  cars  will  hold  about  1  to  IJ 
tons  of  coal  when  topped  with  lumps. 

The  gauge  of  track  is  42  inches.  On  the  entries  30-pound  T-rails  are 
used,  and  in  rooms  16-pound  T-rails.  The  entry  rails  are  permanently 
bonded  with  copper  wire,  and  the  room  rails  are  bonded  with  adjustable 
iron  bonds. 

Ventilation  is  produced  by  a  16-foot  direct-connected  steam-driven 
fan,  working  compressively,  but  built  to  work  exhaustively,  as  well  as 
compressively. 

The  mines  are  connected  by  tram-road  with  a  tipple  located  about  200 
feet  from  the  top  of  the  plane,  where  the  coal  is  weighed  in  tiie  mine 
cars,  and  then  dumped  on  an  automatic  cross-over  tipple  into  cars  having 
a  capacity  of  about  5  tons.  The  large  cars  are  let  down  a  gravity  plane 
2200  feet  in  length  to  a  tipple  on  the  railroad  siding,  where  the  cars  are 
dumped  on  an  automatic  cross-over  tipple  into  a  steel  chute  20  feet  in 
length,  which  conveys  the  coal  into  the  railroad  car. 

The  chute  is  provided  with  adjustable  screen  bars  for  separating  the 
lump  from  the  fine  coal.  For  loading  run-of-mine  coal,  steel  sheets 
which  are  hinged  to  the  sides  of  the  chute  are  let  down  on  the  screen 
bars,  covering  the  entire  screening  surface. 

THE  PIEDMONT  MIXING  COMPANY. 

The  Piedmont  Mining  Company  is  operating  at  the  present  time  only 
tlie  Pekin  mine,  the  Moscow  mine  having  been  worked  out  during  the 
past  year.  The  Pekin  mine  is  situated  on  the  hill  west  of  the  town  of 
the  same  name. 

Pekin  mine. — ^The  Pekin  mine  which  adjoins  the  New  Detmold  of  the 
Maryland  Coal  Company  is  operated  by  the  Piedmont  Mining  Company; 
this  company  owning  in  fee  the  old  property,  which  formerly  belonged 
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to  the  Atlantic  and  Georges  Creek  Consolidated  Coal  Company.  They 
are  working  some  coal  which  underlies  the  old  Atlantic  property,  but 
the  major  part  of  the  coal  is  leased  from  the  Maryland  Coal  Company. 
A  tipple  is  located  at  the  upper  end  of  the  town  of  Pekin  and  is  equipped 
to  load  run-of-mine,  lump,  or  screened  coal.  The  coal  is  hauled  about 
four  miles  by  tram-road  by  means  of  a  steam  locomotive  and  is  run  down 
a  gravity  plane  about  900  feet  long  to  the  dump,  which  is  located  on  the 
Cumberland  and  Pennsylvania  Railroad.  The  company  at  the  present 
time  has  seven  openings,  located  above  Laurel  Run  along  the  crop  of  the 
"Big  Vein^*  coal  and  expects  to  extend  the  tram-road  about  a  mile 
beyond  No.  7  opening  and  make  two  more  openings  in  order  to  get  to 
the  end  of  the  "  Big  Vein ''  territory.  The  coal  mined  is  strictly  "  Big 
Vein.'*  The  mines  are  ventilated  by  natural  means  and  horses  are  used 
to  haul  the  coal  to  the  mouth  of  the  mine. 

Some  prospecting  has  been  done  for  the  "  Tyson  "  seam,  but  up  to 
this  date  it  has  not  been  developed  sufficiently  to  warrant  shipping  any 
for  the  market.  There  is  quite  a  large  area  of  this  coal  underlying  the 
property  in  addition  to  all  of  the  other  seams,  which  are  below  the  "  Big 
Vein.'*  The  Barton  "four  foot''  or  Bakerstown  seam  underlies  the 
entire  property,  and  at  the  tipple  is  about  fifteen  feet  under  water  level. 
The  company  employs  at  present  about  50  men  in  mining  the  "Big 
Vein"  coal. 

THE  MIDLAND  MINING  COMPANY. 

The  Midland  Mining  Company  operates  the  New  Enterprise  mine, 
near  Midland,  and  the  Trimble  mine  on  Federal  Hill,  to  the  south  of 
Mount  Savage. 

New  Enterprise  mine. — This  mine  is  on  a  spur  of  the  Cumberland  and 
Pennsylvania  Railroad,  a  half-mile  northeast  of  Midland,  and  is  operated 
by  the  Midland  Mining  Company  under  a  lease  from  the  Consolidation 
Coal  Company.  The  seam  mined  is  the  "Big  Vein,"  which  has  about 
the  same  thickness  as  in  the  mines  of  Ocean  No.  1.  The  coal  is  mined 
by  two  drift  openings  driven  into  the  out-crop  on  the  west  side  of  Neff's 
Run.     Thirty-three   men  were  employed   in  the  mine  in   1907.     The 
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loaded  mine  cars  are  hauled  by  horses  from  the  mines  to  the  tipple  over 
a  tram-way  4000  feet  long.  The  company  is  now  installing  a  wire-rope 
haulage  plant  consisting  of  a  single-drum  85-hor8e-power  hoisting 
engine  by  which  the  loaded  cars  will  be  lifted  to  the  surface  up  an  incline 
1200  feet  long.  The  coal  is  mined  by  hand  pick- work.  The  mines  are 
self-draining  and  no  artificial  appliances  are  used  for  ventilation.  The 
gauge  of  mine  tracks  is  3  feet  The  mine  cars  weigh  when  empty  1780 
pounds  and  have  a  capacity  of  2^  tons  loaded.  A  plain  tipple,  having 
an  iron  T-rail  back-balance,  loads  the  coal  sidewise  into  the  railroad  cars. 
Trimble  mine. — In  1903  the  Midland  Mining  Company  also  opened 
a  coal  bed  on  Federal  Hill  about  1^  miles  south  of  Mt.  Savage  on  the 
Winfield  Trimble  tract.  The  coal  in  the  lower  opening  is  the  Lona- 
coning  seam  and  has  a  thickness  of  about  4  feet.  Higher  up  the  Frank- 
lin seam  has  also  been  opened  but  this  coal  contains  considerable  bone 
and  slate.  It  has  been  claimed  that  the  coal  mined  belongs  to  the  lower 
bench  of  the  Pittsburg  bed  but  it  is  probably  a  lower  seam.  Mules  haul 
the  coal  over  a  tram-way  from  the  main  opening  to  the  head  of  a  gravity 
plane,  1300  feet  long,  which  delivers  it  to  the  tipple.  The  latter  is  on 
a  siding  of  the  Cumberland  and  Pennsylania  Railroad  between  Moran- 
town  and  Mt.  Savage.    Sixteen  men  were  employed  during  1907. 


THE  BOWERY  COAL  COMPANY. 

The  Bowery  Coal  Company  is  operating  the  Bowery  mine  of  the 
Borden  Mining  Company  and  a  pari;  of  the  old  Johnson  mine  of  the  New 
Central  Coal  Company,  which  are  situated  at  Midlothian  on  the  south 
side  of  the  valley  of  Winebrenner  Run. 

Bowery  mine. — ^This  mine  which  was  abandoned  with  the  idea  that  no 
more  coal  could  be  secured  is  located  in  the  "Big  Vein^^  and  by  the 
method  of  mining  introduced  is  producing  considerable  coal  from  pre- 
viously worked-over  areas.  The  coal  is  shipped  over  the  Midlothian 
branch  of  the  Cumberiand  and  Pennsylvania  Railroad.  The  ventila- 
tion is  by  natural  means.  The  company  is  contemplating  the  develop- 
ment of  the  Tyson  seam  in  the  vicinity  of  the  Bowery  mine. 
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the  h.  and  w.  a.  hitchins  coal  company. 

The  H.  and  W.  A.  Hitchins  Coal  Company  operates  the  Borden  mine 
about  one  mile  north  of  Frostburg  on  a  lease  from  the  Borden  Mining 
Company. 

Borden  mine. — ^This  mine  is  a  drift  in  the  outcrop  of  the  "  Big  Vein  '^ 
at  the  north  end  and  on  the  western  edge  of  the  Georges  Creek  coal  basin. 
An  inside  haulage  road  has  been  extended  through  the  property  which 
has  advantageously  opened  up  the  coal  that  was  thought  to  have  been 
worked  out.  This  road  also  serves  for  drainage  purposes.  The  ventila- 
tion is  by  natural  means.  The  coal  is  brought  from  the  mine  to  the  top 
of  a  long  tram-road  and  gravity  plane.  The  tipple  is  located  on  the 
Cumberland  and  Pennsylvania  Railroad  close  to  the  tipple  of  the  old 
Frost  mine  and  across  the  valley  of  Jennings  Run  from  the  tipple  of 
Union  mine  No.  1.  Sixty-eight  men  on  the  average  were  employed  by 
the  company  during  1907. 

THE  PHCEXIX  AND  GEORGES  CREEK  MINING  COMPANY. 

The  Phoenix  and  Georges  Creek  Mining  Company  operates  the  Phoenix 
and  Elkhart  mines,  which  are  situated  on  the  west  side  of  the  Georges 
Creek  valley,  not  far  to  the  northwest  of  Phoenix. 

Phcmix  and  Elkhart  mines, — About  a  mile  above  Franklin  Station  on 
the  Cumberland  and  Pennsylvania  Railroad  on  the  west  side  of  the  rail- 
road and  of  Georges  Creek  is  the  tipple  of  the  Phoenix  and  Georges 
Creek  Mining  Company.  This  tipple  is  on  a  siding  of  the  Cumberland 
and  Pennsylvania  Railroad.  The  siding  branches  from  the  main  track 
and  crosses  Georges  Creek  one-quarter  of  a  mile  below  the  tipple.  Both 
the  "Big  Vein^^  (Phoenix  mine)  and  the  "Four-foot'^  or  Bakerstown 
coal  beds  (Elkhart  mine,  a  new  mine  opened  in  1904)  are  operated  by 
this  company  with  drift  openings  and  the  coal  from  both  is  brought  to 
the  one  tipple.  A  3-rail  gravity  plane  800  feet  long  connects  the  open- 
ing in  the  Bakerstown  coal  bed  with  the  tipple,  and  another  3-rail  gravity 
plane  1575  feet  long  brings  the  coal  in  "  trips "  of  two  cars  from  the 
"  Big  Vein  "  mine  to  the  top  of  the  lower  plane,  to  which  it  is  transferred 
one  car  at  a  time  and  lowered  to  the  tipple.  The  improvements  for  this 
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operation  were  put  in  in  1902.  The  coal  is  mined  by  the  room  and  pillar 
system,  the  rooms  being  12  feet  wide  with  50  feet  between  points  or 
centers.  Props  11  feet  long  are  used  in  the  upper  mine  in  the  "  Big 
Vein.^'  No  mining  machinery  is  used.  The  coal  beds  operated  by  this 
company  lie  on  the  western  pitch  of  the  basin  and  the  mines  are  natur- 
ally drained  and  ventilated.  The  cars  used  are  of  more  modem  con- 
struction and  different  from  those  common  to  the  region.  The  sides  are 
held  together  by  strap-iron  "  binders "  passing  around  the  outside  of 
the  body  of  the  car.  The  cars  used  in  the  "Big  Vein"  mine  have  a 
capacity  of  2^  tons  of  coal  and  when  empty  weigh  1300  pounds.  The 
gauge  of  tracks  is  42  inches.  The  cars  used  in  the  Bakerstown  seam  are 
of  similar  construction  to  those  used  in  the  "Big  Vein"  mine.  The 
tipple  is  the  ordinary  back-balance  with  frame  trestle  supports,  and 
dumps  the  coal  sidewise  into  the  railroad  cars.  About  75  men  were 
employed  in  1907. 

THE  BRAILER   MINING   COMPANY. 

The  Brailer  Mining  Company,  formerly  the  Georges  Creek  and  Bald 
Knob  Coal  Company,  owns  the  Brailer  mine  situated  about  one  mile 
and  a  half  north  of  Mount  Savage. 

Brailer  mine. — This  mine  consists  of  three  drift  openings  in  a  detached 
area  at  the  extreme  northern  end  of  the  Georges  Creek  coal  basin.  Two 
of  these  openings  are  in  "  Big  Vein  "  coal  and  the  third  in  the  Redstone 
seam,  17  feet  above,  but  the  property  has  not  been  in  operation  for  the 
past  tliree  years.  A  tram-road  1^  miles  in  length  leads  from  the  mine  to 
an  inclined  plane  1800  feet  long  at  the  base  of  which  is  a  substantial 
tipple  on  a  spur  of  the  Cumberland  Basin  Coal  Company^s  railroad.  The 
tipple  is  provided  with  a  screen  for  the  separation  of  the  coal  for  smith- 
ing purposes.  The  company  owns  an  18-ton  locomotive  and  48  mining 
cars  of  two-ton  capacitv.     The  mine  is  naturallv  drained  and  ventilated. 

THE  MOSCOW-GEORGES  CREEK  COAL  MINING  COMPANY. 

The  Moscow-Georges  Creek  Coal  Mining  Company  operates  two  mines, 
Moscow  No.  2  and  Xo.  3,  situated  between  Moscow  and  Barton,  from 
which  they  ship  over  the  Cumberland  and  Pennsylvania  Railroad. 
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Moscow  No.  2  mine.  Moscow  No.  2,  formerly  the  old  Pickell  mine, 
is  in  the  "  Big  Vein  ^*  on  the  west  side  of  the  Georges  Creek  Valley,  the 
coal  being  reached  by  a  series  of  openings  at  a  point  where  they  are  able 
to  penetrate  the  hill  and  reach  some  of  the  old  pillars  that  indifferent 
mining  left  there.  The  coal  is  reached  by  two  long  inclines,  a  tram-road 
running  right  and  left  from  the  head  of  the  upper  plane.  Ventilation 
IS  natural.  Sixteen  men  on  the  average  were  employed  in  Moscow  No.  2 
during  1907. 

Moscow  No.  S  mine. — This  mine  is  in  the  Bakerstown  or  **  Four-foot  '* 
peam  and  is  also  on  the  west  side  of  Georges  Creek,  below  Moscow  No.  2. 
The  mine  is  near  the  center  of  the  syncline  not  far  above  water-level, 
although  the  coal  is  shipped  over  the  same  tipple  as  Moscow  No.  2.  The 
ventilation  is  for  the  most  part  natural  although  a  small  furnace  is 
located  at  one  of  the  openings.  Twelve  men  on  the  average  were  em- 
ployed in  this  mine  during  1907. 

THE  BARTON  MINING  COMPANY. 

The  Barton  Mining  Company  operates  the  mine  called  Moscow  No.  1, 
which  it  leases  from  the  Moscow-Georges  Creek  Coal  Mining  Company. 
This  mine  is  situated  on  the  east  side  of  the  Georges  Creek  Valley  one- 
half  mile  above  Barton. 

Moscow  No.  1  mine. — ^This  mine  is  in  the  Bakerstown  or  **  Four-foot  *' 
coal  bed  and  was  opened  by  the  Moscow-Georges  Creek  Coal  Mining  Com- 
pany in  1902.  A  short  tram-way  connects  the  mine  with  the  tipple 
from  which  coal  is  shipped  over  the  Cumberland  and  Pennsylvania 
Railroad.  The  company  reports  an  average  of  seven  men  employed 
during  1907. 

THE  PROSTBURG  FUEL  COMPANY. 

The  Frostburg  Fuel  Company  operates  Tyson  mine  No.  2  near 
Frostburg. 

Tyson  mine  No.  2. — This  mine  has  been  leased  from  the  Consolidation 
Coal  Company  and  the  present  operators,  the  Frostburg  Fuel  Company, 
are  supplying  coal  for  local  uses  in  Frostburg  only.     The  mine  is  a  small 
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drift  mine  with  natural  ventilation.     Six  men  were  employed  on  the 
average  during  1907. 

THE  CHAPMAN  COAL  MINING  COMPANY. 

The  Chapman  Coal  Mining  Company  operates  the  Swanton  mines  at 
Barton,  the  coal  being  shipped  over  the  Cumberland  and  Pennsylvania 
Bailroad  and  thence  via  the  Baltimore  and  Ohio  and  Pennsylvania 
Bailroads. 

Swanton  mines. — ^The  Swanton  mines  consist  of  operations  in  both  the 
Tyson  and  Bakerstown  seams.  The  Tyson  is  the  more  important  opera- 
tion, the  coal  being  about  6  feet  thick  and  of  good  quality.  The  ventila- 
tion is  natural,  the  workings  being  near  the  surface,  several  openings 
occurring  at  different  points  around  the  hill.  The  mine  in  the  Bakers- 
town  seam  is  located  nearly  at  the  foot  of  the  hill  and  is  also  a  drift 
mine.  Shipment  from  both  mines  is  made  over  the  same  dump.  The 
tipple  is  on  a  siding  of  the  Cumberland  and  Pennsylvania  Bailroad  close 
to  Barton  Station  and  about  600  feet  north  of  the  tipple  of  the  American 
Coal  Company^s  Caledonia  mine.  A  short  3-rail  gravity  plane  connects 
the  mine  with  the  tipple.  The  coal  worked  in  this  mine  is  known  locally 
as  the  "four-foot*'  seam  and  is  a  fine  steaming  fuel,  but  is  somewhat 
high  in  sulphur.  The  mine  is  naturally  drained  and  ventilated.  The 
company  some  years  ago  relaid  the  track  of  the  old  Swanton  plane  and 
reopened  the  "  Big  Vein,**  taking  the  coal  near  the  out-crop  which  was 
not  mined  out  by  the  Swanton  Company.  About  75  men  were  employed 
on  the  average  in  the  Swanton  mines  during  1907. 

CUMBERLAND-GEORGES  CREEK  COAL  COMPANY. 

The  Cumberland-Georges  Creek  Coal  Company  operates  the  Penn  mine 
in  the  Bakerstown  seam  on  the  west  side  of  Georges  Creek  about  one-half 
mile  north  of  Franklin  Station.  The  Franklin  mine  in  the  Lower  Kit- 
tanning,  the  Mooredale  mine  in  the  Upper  Freeport,  and  the  Femdale 
mine  in  the  Franklin  seam  are  to  be  opened  up  by  the  company.  De- 
velopment work  has  been  carried  on  but  the  operations  are  not  sufficiently 
far  advanced  to  furnish  shipping  coal. 
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Penn  mine. — ^The  Penn  mine  is  a  drift  in  the  Bakerstown  coal  bed,  the 
coal  varying  from  2^  to  3^  feet  in  thickness.  The  coal  is  mined  by  pick- 
work.  The  mine  has  a  natural  drainage  and  in  December,  1907,  an  im- 
proved fan  was  installed  to  take  the  place  of  the  former  wooden  air-stack. 
The  ventilation  is  by  natural  methods.  A  3-rail  gravity  plane  1300  feet 
long  and  a  tram-road  from  the  top  of  the  drift  connects  the  mine  with 
the  tipple,  which  is  situated  on  a  siding  of  the  Cumberland  and  Pennsyl- 
vania Bailroad.  The  tipple  is  a  frame  work  covered  with  corrugated 
galvanized  iron  and  with  two  chutes,  loading  the  coal  endwise.  The  sid- 
ings are  long  enough  to  contain  30  empty  and  30  loaded  cars.  The 
gauge  of  the  mine-car  track  is  42  inches.  The  mine  cars  weigh  when 
empty  about  1200  pounds  and  hold  one  ton  twelve  hundred  weight  of 
coal.    The  company  employed  on  the  average  25  men  during  1907. 

THE  FROSTBURG  COAL  MINING  COMPANY. 

The  Frostburg  Coal  Mining  Company  operates  the  Morrison  mine  at 
Morrison  Station. 

Morrison  mine, — The  Morrison  mine,  now  operated  by  the  Frostburg 
Coal  Mining  Company,  is  situated  at  Morrison  Station  of  the  Cumber- 
land and  Pennsylvania  Eailroad  on  the  east  side  of  the  railroad  and  east 
of  the  axis  of  the  coal  basin.  Two  coal  beds,  the  Upper  Freeport  and 
Bakerstown,  are  worked  by  drifts  and  the  coal  brought  to  one  tipple. 
The  opening  in  the  lower  or  Upper  Freeport  seam  is  140  feet  from  the 
tipple  and  just  high  enough  above  it  to  afford  an  easy  grade  in  favor  of 
the  loads  from  the  mine  to  the  tipple.  In  1907  the  maximum  capacity 
of  this  mine  was  100  tons  of  coal  per  day  and  27  men  were  employed  in 
it.  In  1902  the  upper  coal  bed  was  opened,  and  in  1903  the  output 
was  from  both  seams.  A  3-rail  gravity  plane  connects  the  upper  coal 
bed  with  the  tipple.  This  upper  coal  bed  is  the  one  worked  by  the 
Union  Mining  Company  at  their  Potomac  mine  and  in  the  mines  of  the 
Moscow-Georges  Creek  Coal  Company  at  Barton,  the  lower  coal  bed 
passing  under  the  level  of  Georges  Creek  between  Barton  and  Morrison. 
The  thickness  of  the  upper  coal  bed  varies  in  this  mine  from  2J  to  4  feet. 

In  these  mioes  five  Ingersoll-Sergeant  coal-mining  machines  are  used 


Maryland  Geological  Survey 


205 


at  times  but  usually  only  three  of  them  are  in  operation  at  once.  The 
coal-mining  machines  are  operated  by  compressed  air,  which  is  supplied 
to  them  at  a  pressure  of  about  85  pounds  to  the  square  inch  by  an 


Fio.  13. — Sketch  showing  Tipple  and  Plane,  Morrison  Mine,  Frostburg  Coal 

Mining  Company. 

IngersoU-Sergeant  straight-line  compressor  with  steam  cylinder  22  x  24 
inches  and  22:J  x  24J  air  cylinder.  The  compressor  is  intended  to  run 
ten  mining  machines.     The  lower  mine  is  ventilated  by  a  fan  10  feet  in 
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diameter  which  forces  the  air  into  the  mine.  A  100-horse-power  retum- 
tubular  boiler  16  feet  long  and  6  feet  in  diameter  supplies  steam  to  the 
air  compressor  and  fan.  The  upper  mine  is  naturally  ventilated, 
assisted  by  a  wooden  stack  at  the  opening  on  the  north  side  of  the  wheel- 
house  at  the  head  of  the  plane.  Both  mines  are  naturally  drained.  The 
Deepwell  pump  (6  x  12  inches,  capacity  500  gallons  per  hour)  is  used 
for  cooling  the  compressor.  The  tipple  is  built  of  wood  20  feet  high, 
of  the  pattern  common  to  the  region,  with  an  additional  chute  beneath 
the  main  chute  for  loading  box  cars.  When  the  lower  chute  is  used  the 
bottom  of  the  upper  or  main  chute  is  lifted  out.  The  mine  cars  weigh 
1000  pounds  and  have  a  capacity  of  1900  pounds  of  coal.  The  gauge 
of  mine-car  tracks  is  42  inches. 

THE  GEORGES  CREEK  BASIN  COAL  COMPANY. 

The  Georges  Creek  Basin  Coal  Company,  which  was  known  prior  to 
June,  1907,  as  the  Braddock  Coal  Company,  operates  the  Short  Gap 
mine  near  Eckhart. 

Short  Oap  mine, — This  mine  is  a  double  drift  opening  in  the  Upper 
Freeport  seam  on  the  north  side  of  Braddock  Run,  the  tipple  being 
located  across  the  valley  on  the  Eckhart  Branch  of  the  Cumberland  and 
Pennsylvania  Bailroad  to  which  the  coal  is  taken  in  buckets  by  means  of 
an  aerial  tramway  rope-haulage  system,  which  is  worked  by  an  engine  and 
boilers  located  near  the  mine.  The  loaded  mine  cars  are  first  emptied 
in  a  storage  bin  near  the  mouth  of  the  mine  from  which  the  coal  is 
loaded  into  buckets  and  transferred  across  the  valley  to  the  tipple  as 
needed  for  shipment.  A  switch  will  be  installed  shortly  which  will 
permit  of  the  shipment  of  600  tons  per  day.  The  mine  was  first  opened 
in  1903  and  10  men  were  employed  on  the  average  during  1907,  since 
which  time  there  has  been  an  increase,  until  30  are  now  employed.  A 
14-foot  Crawford  and  McCrimmon  fan  has  been  recentlv  installed.  The 
company  will  shortly  open  the  Lower  Kittanning  and  Parker  seams. 

THE  DAVIS  COAL  AND  COKE  COMPANY. 

The  Davis  Coal  and  Coke  Company  operates  the  Buxton  mine  near 
the  mouth  of  the  Savage  Eiver  two  miles  above  Westemport  and  the 
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Henry  mine  just  across  the  Maryland  line  at  Henry,  West  Virginia. 
It  is  the  plan  of  the  company  to  reach  the  coal  on  the  Maryland  side  of 
the  line  from  the  present  shaft.  A  description  of  the  latter  mine  is 
therefore  included. 

Buxton  mine. — The  Davis  Coal  and  Coke  Company  operates  a  drift 
opening  in  the  Lower  Kittanning  or  "  Six-foot  '^  coal  bed,  on  the  east 
side  of  the  North  Branch  of  the  Potomac  River  at  the  mouth  of  the 
Savage  River,  two  miles  above  Westernport.  The  mine  was  opened  in 
1895.  The  coal  is  brought  across  the  river  on  a  steel  bridge  to  the 
tipple  on  the  West  Virginia  Central  Railroad. 

The  mouth  of  the  drift  is  75  feet  above  the  level  of  the  bridge  and  the 
coal  is  lowered  to  the  tipple  by  a  rope  haulage.  The  mine  was  opened 
into  a  large  territory  but  all  the  north  entries  with  the  exception  of  the 
first  and  second  right,  have  been  driven  into  sandrock  and  all  but  one 
pair  of  tunnels  have  been  abandoned.  The  main  tunnels  have  been 
driven  1700  feet  in  this  sandrock,  but  the  present  indications  are  that 
they  are  again  entering  a  normal  section  of  Kittanning  coal. 

The  mine  is  now  producing  700  tons  per  day  and  employed  on  an 
average  150  men  during  1907.  The  coal  is  mined  exclusively  by  pick- 
work.  On  acount  of  the  heavy  grade  against  the  loaded  cars  the  gather- 
ing is  largely  done  by  mule  teams,  there  being  10  of  these  teams  in 
service  at  the  present  time.  From  other  parts  of  the  mine  where  the 
grades  are  more  favorable,  gathering  is  done  by  eight  single  miiles. 

The  coal  is  brought  to  the  drift  mouth  by  an  endless  rope-haulage 
system  and  the  grades  in  the  mine  vary  from  0  to  5^.  Coal  is  worked 
on  the  room  and  pillar  system  with  rooms  and  entries  18  feet  wide, 
pillars  25  feet  wide.  Pillars  are  drawn  as  soon  as  the  rooms  are  com- 
pleted.   The  roof  at  this  mine  is  excellent  and  requires  little  timbering. 

A  cross-section  of  the  coal  is  as  follows: 

Draw    slate    3" 

Bone  coal   2* 

Coal    b" 

Bone  coal    5"  rfti/t 

Coal    r  g''    ^  ^"^^ 

Slate  1" 

Coal    2'  4" 
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Four  feet  6  inches  of  this  coal  is  marketable,  95^  of  which  is  regained 
after  drawing  the  room  and  entiT  pillars.  The  present  working  places 
are  located  about  one  mile  from  the  mouth  of  the  drift. 

Mine  cars  weigh  1600  pounds  when  empty  and  have  a  capacity  of 
1  to  If  tons  of  coal.  The  gauge  of  track  in  this  drift  is  42  inches. 
The  mine  is  free  from  gases  and  is  ventilated  by  a  10  and  12-foot  fan. 
The  steam  plant  consist  of  five  boilers  generating  400  horse-power  and 
is  used  to  furnish  steam  to  drive  the  endless  rope-haulage  engine,  the 
plane  engine,  and  a  small  compressor  which  provides  power  for  the  rock 
drills  and  the  five  pumps  in  use. 

The  coal  from  this  mine  is  loaded  and  shipped  as  mine-run  coal. 

Henry  mine, — At  Henry,  West  Virginia,  just  across  the  Maryland  line 
near  the  southern  corner  of  Garrett  County,  the  Davis  Coal  and  Coke 
Company  in  1901  and  1902  sank  two  shafts  to  the  Thomas  and  Davis  coal 
beds,  as  the  Upper  Freeport  or  "  Three-foot "  and  the  Lower  Kittanning 
or  "  Six-foot "  seams  are  respectively  called  by  that  corporation.  An 
area  of  coal  lying  l)eneath  the  Mar}'land  side  of  the  Potomac  River  will 
eventually  be  worked  from  this  plant  but  as  yet  the  workings  of  this 
mine  are  confined  to  the  coal  which  lies  beneath  the  surface  of  the  State 
of  West  Virginia.  At  this  plant  eacli  of  the  alx)ve-named  coal  beds  is 
opened  to  produce  1000  tons  of  coal  per  day.  At  present  only  the  upper 
or  "  Thomas  '^  (Upper  Freeport)  coal  bed  is  worked.  The  Upper  Free- 
port  coal  bed  at  this  mine  has  an  average  3  feet  3  inches  of  coal,  above 
which  is  a  succession  of  thin  strata  of  bone  coal  and  soft  coal  to  a  total 
height  of  5  feet  from  the  bottom  of  the  coal  bed.  Above  this  is  a  tough 
sandrock  which  makes  an  excellent  roof.  The  Upper  Freeport  or 
"  Thomas "  coal  lies  197  feet  beneath  the  surface  at  the  Twin  Shaft 
(No.  2).  It  is  reached  and  operated  through  two  of  the  hoisting  com- 
partments of  the  Twin  Shaft.  The  other  two  of  the  hoisting  compart- 
ments of  this  shaft  extend  from  the  surface  downward  419  feet  to  the 
Lower  Kittanning  or  "  Davis  "  coal  bed.  This  coal  l)ed  lias  an  average 
of  43  inches  of  coal  in  the  lower  bench  and  30  inclies  in  its  upper  bench. 
The  two  benches  are  separated  by  a  binder  of  variable  thickness. 

No.  1  shaft  has  three  compartments  7x1*2  feet,  two  lioist-ways,  and 
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one  airway.  The  hoist-ways  are  used  to  raise  and  lower  men,  and  sup- 
plies to  both  seams.  The  shaft  is  432  feet  deep  and  is  sunk  7  feet  below 
the  bottom  of  the  Davis  coal  bed.  Kun-of-mine  coal  can  be  loaded  on 
two  railroad  tracks  from  the  tipple  of  shaft  No.  1.  The  latter  is  100 
feet  from  the  shaft  and  is  connected  with  the  main  boiler  plant  by  a 
steel  trestle.  A  larrie,  operated  by  a  trolley,  delivers  coal  over  the  trestle 
to  the  boilers.  The  boiler  plant  consists  of  six  150-horse-power  steam 
tubular  boilers  and  one  Stilwell-Bierce  and  Smith- Vaile  heater  No.  5. 

The  power-house  equipment  is  one  IngersoU-Sergeant  straight-line 
compressor,  24  x  30  inches,  which  supplies  air  through  a  6-inch  pipe-line 
to  20  Ingersoll- Sergeant  coal-cutting  machines.  One  Westinghouse  gen- 
erator, 75-horse-power,  is  used  for  operating  the  conveying  machinery 
of  the  tipple  and  for  lighting  the  town.  One  Ball-Wood  engine  and  a 
Bullock  generator  of  200  kilowatts  are  used  for  running  four  electric 
motors  in  the  mine.  The  hoisting  engines  of  botli  shafts  are  run  by 
steam,  supplied  from  the  boiler  plant  through  7-inch  pipes  which  branch 
from  the  main  10-inch  line.  The  hoisting  engines  of  No.  1  shaft  are 
geared  and  its  winding  drums  are  7  feet  in  diameter  and  3  feet  wide. 
A  geared  clutch  on  one  of  these  drums  controls  the  length  of  rope  and 
allows  the  engineer  to  lift  at  will  from  either  seam  with  either  cage. 
For  shaft  No.  2  of  the  main  hoisting  shaft,  there  are  two  sets  of  24  x  36- 
inch  direct-acting  hoisting  engines  equipped  with  steam  emergency 
brakes,  safety  hand  brakes,  and  a  steam  reversing  brake.  The  winding 
drums  of  shaft  No.  2  are  7  feet  in  diameter  and  8  feet  long.  At  both 
shafts  l:i-inch  steel  ropes  are  used  for  hoisting  cages.  Both  mines  are 
ventilated  by  a  fan  13  feet  2  inches  by  7  feet  of  Capell  pattern.  The 
fan  is  located  at  shaft  No.  1,  is  driven  by  a  16  x  19-inch  direct-connect- 
ing engine,  and  is  constructed  to  either  force  or  exhaust  the  air.  The 
fan  structure  is  of  brick  with  a  sheet-iron  cover. 

The  two  16  X  19  x  18-inch  Smith- Vaile  pumps,  operated  by  steam,  lift 
the  water  from  the  "  sump  "  of  the  lower  coal  bed  to  the  "  sump  "  of  the 
upper  seam.  One  of  these  pumps  is  usually  suflBcient  to  keep  the  mine 
in  the  lower  seam  free  from  water.  The  second  pump  is  only  used  in 
cases  of  emergency.     At  the  "  sump "  of  the   upper  seam,   which   is 
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located  close  to  shaft  No.  1,  two  24  x  12  x  30-inch  Young  pumps  with 
12-inch  suction  and  10-inch  discharge  are  installed  and  lift  the  water  of 
both  mines  to  the  surface. 

The  capacities  of  each  of  the  last  two 'named  pumps  is  600  gallons 
per  minute,  but  only  one  of  them  is  now  needed  to  keep  the  mine  free 
from  water. 

The  underground  workings  in  both  the  Upper  Preeport  or  ^'  Thomas  '* 
and  the  Lower  Eattanning  or  "  Davis  "  coal  beds  are  developed  upon  the 
same  plane.  Near  the  shafts  two  sectional  headings  diverge  120  degrees 
from  each  other.  From  the  sectional  headings  butt  entries  are  driven 
with  point  lines  60  feet  apart.  Booms  are  made  20  feet  wide  or  the 
width  of  five  cutting  machine  boards.  Two  13-ton  electric  motors  and 
two  gathering  motors  are  used  for  haulage  in  the  mine  in  the  Upper 
Freeport  seam.  The  main  underground  motor  tracks  of  this  mine  are 
laid  with  56-pound  T-iron  and  the  mine  cars  are  built  to  contain  1.7  tons 
of  coal.  The  coal  from  the  main  hoisting  shaft  No.  2  first  passes  over  a 
screen  and  is  delivered  into  the  picking  tables  where  the  slate  is  taken  out 
by  hand.  The  cleaned  coal  is  loaded  into  the  railroad  cars.  The  pick- 
ing tables  are  run  by  electric  motors  at  a  slow  speed.  The  slate  taken 
from  the  coal  on  the  picking  tables  is  conveyed  by  belts  to  bins  from 
which  it  is  loaded  into  cars  and  taken  to  the  slate  dump.  The  mine 
employs  300  men  at  the  present  time. 

THE  WACHOVIA  COAL  COMPANY. 

The  Wachovia  Coal  Company  operates  the  Waco  mine  near  Clarysville. 

Waco  mine, — This  mine,  commonly  known  as  the  Montell  Tunnel, 
was  driven  into  the  side  of  Dans  Mountain  cutting  the  Lower  Kit- 
tanning  seam  near  the  present  face  of  the  tunnel  and  is  the  only  point 
in  this  portion  of  the  mountain  where  this  seam  is  being  worked.  The 
coal  stands  at  a  high  dip  as  it  is  near  the  outer  edge  of  the  synclinal 
basin.  The  tunnel  is  at  the  present  time  being  driven  through  the  moun- 
tain. Compressed-air  mining  machines  of  the  puncher  type  are  employed 
in  mining  the  coal,  which  is  shipped  over  the  Georges  Creek  and  Cumber- 
land Railroad.  Fifty-two  men  were  employed  on  the  average  during 
1907. 


Maryland  Geological  Survey  211 

the  cumberland  basin  coal  company. 

The  Cumberland  Basin  Coal  Company  operates  two  mines  in  the 
Lower  Coal  Measures  at  Pamosa  known  as  the  Bond  and  Parker  mines. 

Bond  and  Parker  mines,  formerly  known  as  the  McGlone  and  Staf- 
ford mines,  are  openings  in  the  Bluebaugh  and  Parker  seams  respectively. 
They  are  situated  on  the  southeast  side  of  the  valley  of  the  North 
Branch  of  Jennings  Run,  one-half  mile  northeast  of  Barrelville.  The 
mines  are  on  the  east  rise  of  the  Georges  Creek  coal  basin  syncline  and 
close  to  the  point  where  the  sjmcline  passes  out  of  Maryland  into  Penn- 
sylvania. The  Parker  mine  is  a  drift  opening  while  the  entrance  to  the 
Bond  mine  is  a  short  slope  from  the  level  of  the  Parker  seam  to  the 
Bluebaugh,  which  is  about  30  feet  deeper.  At  this  locality  the  slope 
strikes  the  Bluebaugh  coal  bed  just  above  the  water-level  line  of  the 
North  Branch  of  Jennings  Eun.  The  entrances  to  both  mines  pass 
through  the  workings  of  old  mines,  which  were  operated  many  years  ago 
before  even  the  "  Big  Vein  "  was  commercially  worked.  After  passing 
through  the  old  workings  the  development  of  the  mine  is  by  a  series  of 
double  headings  driven  slightly  to  the  rise  in  the  line  of  strike  of  the  coal 
beds.  The  coal  from  both  mines  is  hauled  by  mules  to  a  tipple  which 
serves  for  the  shipment  of  the  output  of  both.  The  tipple  is  located 
across  the  North  Branch  of  Jennings  Run  from  the  mines,  on  a  siding 
of  the  Cumberland  Basin  Coal  Company's  railroad  a  half-mile  from  the 
junction  of  the  latter  w;ith  the  Cumberland  and  Pennsylvania  Railroad. 
The  mines  are  naturally  drained  into  the  North  Branch  of  Jennings 
Run  and  their  ventilation  is  assisted  by  wooden  stacks.  The  property 
has  been  acquired  by  new  interests,  which  have  added  largely  to  its 
equipment,  putting  up  new  buildings  as  well  as  constructing  a  new 
air-shaft  and  furnace.  Haulage  roads  have  been  made  higher  with 
more  room  on  the  sides,  and  roads  and  drainage  have  been  greatly  im- 
proved. The  company  employed  about  35  men  on  the  average  during 
1907. 

MC  MULLEN  BROTHERS. 

McMullen  Brothers  own  the  Partridge  Run  mine  at  Barrelville  on  the 
main  line  of  the  Cumberland  and  Pennsylvania  Railroad. 
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Partridge  Run  mine. — This  mine  is  in  the  Bluebaugh  seam,  which  is 
faulty  at  this  point  so  that  operations  have  been  suspended.  The  mine 
is  a  drift,  with  a  long  tram-road  and  gravity  plane  to  reach  the  tipple. 
It  was  operated  with  considerable  success  and  has  penetrated  the  moun- 
tain about  600  feet  from  the  opening.  The  fault  encountered  consists 
of  a  mixture  of  soft  earth  With  the  coal  and  renders  it  useless.  It  is  the 
intention  of  the  owners,  as  soon  as  conditions  warrant,  to  drive  a  heading 
across  the  fault  until  they  again  reach  coal  of  the  quality  they  mined 
before  coming  in  contact  with  the  fault.  There  is  every  reason  to  believe 
that  they  will  find  a  body  of  coal  sufficient  in  quantity  and  quality  tc 
invite  profitable  development.  The  company  reports  no  output  in  1907 
They  contemplate  opening  the  Parker  and  Lower  Kittanning  seams 
which  are  found  on  the  same  property. 

GARRETT  COUNTY. 
GEORGE  C.  PATTI80N. 

George  C.  Pattison  operates  the  Pattison  mines  one-quarter  of  a  mile 
west  of  Bloomington,  the  tipple  being  situated  on  a  siding  on  the  main 
line  of  the  Baltimore  and  OBio  Railroad. 

Pattison  mines. — These  mines  are  operated  under  a  lease  from  the 
Empire  Coal  Company  and  the  Jones  and  Owens  estates,  and  the  coal 
from  both  is  shipped  over  one  tipple,  which  has  a  separate  chute  for  each 
mine.  The  opening  in  the  Ijower  Kittanning  or  "  Six-foot "  bed  is  a 
drift  35  feet  above  the  level  of  the  Baltimore  and  Ohio  Railroad  and  is 
connected  with  the  tipple  by  a  short  tram-road.  The  drainage  is  natural 
and  the  coal  is  mined  exclusively  by  hand.  The  mine  is  ventilated  by  a 
small  fan.  Where  the  coal  bed  has  its  best  development  in  this  mine  it 
shows  a  little  over  4  feet.  The  roof  is  a  fire-clay  shale,  varying  in  thick- 
ness from  nothing  to  18  inches,  above  this  fire-clay  is  a  strong  sandstone. 
The  bed  is  subject  to  squeezes  in  which  the  thickness  of  the  coal  is  con- 
siderably reduced  and  a  number  of  thin  clay  bands  have  been  encountered 
in  the  workings  of  the  mine. 

The  upper  mine  in  the  Bakerstown  or  "  Four- foot "  coal  bedjies  410 
feet  immediately  above  the  opening  in  the  "  Six-foot "  bed,  and  is  con- 
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nectod  with  the  tipple  by  a  gravity  plane  1010  feet  long.  The  thickness 
of  the  coal  bed  averages  28  inches  with  15  inches  of  bone  coal  above  it 
and  about  5  inches  of  bone  and  shale  below.  The  ventilation  and  drain- 
age are  natural  and  the  coal  is  mined  by  pick-work.  The  mine-ear  track 
gauge  of  both  mines  is  3^  feet.  The  mine  cars  weigh  1000  pounds  when 
empty  and  contain  1^  tons  of  coal.  Forty-nine  men  were  employed  in 
both  mines  on  the  average  in  1907. 

THE  BLOOMINGTON  COAL  COMPANY. 

The  Bloomington  Coal  Company  operates  the  Bloomington  mine  near 
Bloomington. 

Bloomington  mine. — The  Bloomington  mine  is  an  old  mine  that  was 
reopened  by  the  Bloomington  Coal  Company  September  1,  1907.  It  is 
a  drift  opening  in  the  Lower  Kittanning  seam.  The  pillar  and  room 
system  of  mining  is  followed  and  all  the  coal  is  mined  by  pick-work.  A 
small  fan  is  used  for  ventilating  the  mine.  The  capacity  is  300  tons 
daily.  The  coal  is  loaded  directly  in  the  cars  at  a  siding  on  the  main 
line  of  the  Baltimore  and  Ohio  Railroad.  The  average  number  of  men 
employed  was  31. 

THE  MONROE  COAL  MINING   COMPANY. 

The  Monroe  Coal  Mining  Company  operates  two  mines  known  as  P]lk 
Run  Xo.  1  and  Elk  Run  No.  3  on  the  Maryland  side  of  the  Potomac 
River  opposite  Barnum  Station  on  the  Western  Maryland  Railroad,  from 
which  point  shipment  is  made. 

Elk  Run  mines  Xos.  1  and  3. — Elk  Run  No.  1  is  in  the  T>ower  Kittan- 
ning or  '*  Six-foot  "  seam  and  was  formerly  known  as  the  Barnum  mine 
of  the  Wat8r»n-I>iy  Coal  Company.  Elk  Run  mine  Xo.  3  is  in  the 
Bakerstr>wn  or  *'  Four-foot "  seam  and  was  known  until  1902  as  the  IjOV 
mine  of  the  same  crompany.  The  river  has  been  bridged  and  the  coal 
from  both  mines  is  brought  across  to  the  tipple  on  the  Wf^t^frn  Maryland 
Railroad  on  the  West  Virginia  side.  The  level  of  the  oj^ning  in  th^ 
"  Six-foot  "  seam  is  just  high  enough  to  give  a  descending  grade  suitable 
for  mule  haula^re  frr>m  the  mine  to  the  tipple.     The  "  Four-f<^iot  *'  seam 
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Partridge  Run  mine. — This  mine  is  in  the  Bluebaugh  seam,  which  is 
faulty  at  this  point  so  that  operations  have  been  suspended.  The  mine 
is  a  drift,  with  a  long  tram-road  and  gravity  plane  to  reach  the  tipple. 
It  was  operated  with  considerable  success  and  has  penetrated  the  moun- 
tain about  600  feet  from  the  opening.  The  fault  encountered  consists 
of  a  mixture  of  soft  earth  With  the  coal  and  renders  it  useless.  It  is  the 
intention  of  the  owners,  as  soon  as  conditions  warrant,  to  drive  a  heading 
across  the  fault  until  they  again  reach  coal  of  the  quality  they  mined 
before  coming  in  contact  with  the  fault.  There  is  every  reason  to  believe 
that  they  will  find  a  body  of  coal  suflBcient  in  quantity  and  quality  tc 
invite  profitable  development.  The  company  reports  no  output  in  1907 
They  contemplate  opening  the  Parker  and  Ijower  Kittanning  seams 
w^hich  are  found  on  the  same  property. 

GARRETT  COUNTY. 
GEORGE  C.  PATTI80N. 

George  C.  Pattison  operates  the  Pattison  mines  one-quarter  of  a  mile 
west  of  Bloomington,  the  tipple  being  situated  on  a  siding  on  the  main 
line  of  the  Baltimore  and  ORio  Railroad. 

Pattison  mines, — These  mines  are  operated  under  a  lease  from  the 
Empire  Coal  Company  and  the  Jones  and  Owens  estates,  and  the  coal 
from  both  is  shipped  over  one  tipple,  which  has  a  separate  chute  for  each 
mine.  The  opening  in  the  Lower  Kittanning  or  "  Six-foot "  bed  is  a 
drift  35  feet  above  the  level  of  the  Baltimore  and  Ohio  Kailroad  and  is 
connected  with  the  tipple  by  a  short  tram-road.  The  drainage  is  natural 
and  the  coal  is  mined  exclusively  by  hand.  The  mine  is  ventilated  by  a 
small  fan.  Where  the  coal  bed  has  its  best  development  in  this  mine  it 
shows  a  little  over  4  feet.  The  roof  is  a  fire-clay  shale,  var^'ing  in  thick- 
ness from  nothing  to  18  inches,  above  this  fire-clay  is  a  strong  sandstone. 
The  bed  is  subject  to  squeezes  in  which  the  thickness  of  the  coal  is  con- 
siderably reduced  and  a  number  of  thin  clay  bands  have  been  encountered 
in  the  workings  of  the  mine. 

The  upper  mine  in  the  Bakerstown  or  "  Four-foot "  coal  bed Jies  410 
feet  immediately  above  the  opening  in  the  "  Six-foot "  bed,  and  is  con- 
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nected  with  the  tipple  by  a  gravity  plane  1010  feet  long.  The  thickness 
of  the  coal  bed  averages  28  inches  with  15  inches  of  bone  coal  above  it 
and  about  5  inches  of  bone  and  sliale  below.  The  ventilation  and  drain- 
age are  natural  and  the  coal  is  mined  by  pick-work.  The  mine-car  track 
gauge  of  both  mines  is  3^  feet.  The  mine  cars  weigh  1000  pounds  when 
empty  and  contain  1^  tons  of  coal.  Forty-nine  men  were  employed  in 
both  mines  on  the  average  in  1907. 

THE  BLOOMINGTON  COAL  COMPANY. 

The  Bloomington  Coal  Company  operates  the  Bloomington  mine  near 
Bloomington. 

Bloomington  mine. — The  Bloomington  mine  is  an  old  mine  that  was 
reopened  by  the  Bloomington  Coal  Company  September  1,  1907.  It  is 
a  drift  opening  in  the  Lower  Kittanning  seam.  The  pillar  and  room 
system  of  mining  is  followed  and  all  the  coal  is  mined  by  pick-work.  A 
small  fan  is  used  for  ventilating  the  mine.  The  capacity  is  300  tons 
daily.  The  coal  is  loaded  directly  in  the  cars  at  a  siding  on  the  main 
line  of  the  Baltimore  and  Ohio  Railroad.  The  average  number  of  men 
employed  was  31. 

THE  MOXUOE  COAL  MINING  COMPANY. 

The  Monroe  Coal  Mining  Company  operates  two  mines  known  as  Elk 
Kun  Xo.  1  and  Elk  Run  No.  3  on  the  Maryland  side  of  the  Potomac 
River  opposite  Barnum  Station  on  the  Western  Maryland  Railroad,  from 
which  point  shipment  is  made. 

Elk  Run  mines  Nos.  1  and  3, — Elk  Run  No.  1  is  in  the  Lower  Kittan- 
ning or  **  Six-foot "  seam  and  was  formerly  known  as  the  Barnum  mine 
of  the  Watson-Tjoy  Coal  Company.  Elk  Run  mine  No.  3  is  in  the 
Bakerstown  or  "  Four-foot ''  scam  and  was  known  until  1902  as  the  Tx)y 
mine  of  the  same  company.  The  river  has  been  bridged  and  the  coal 
from  both  mines  is  brought  across  to  the  tipple  on  the  Western  Maryland 
Railroad  on  the  West  Virginia  side.  The  level  of  the  opening  in  the 
"  Six-foot  ^'  seam  is  just  high  enough  to  give  a  descending  grade  suitable 
for  mule  haulage  from  the  mine  to  the  tipple.     The  "  Four-foot '^  seam 
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is  high  up  on  the  hill  above  the  river  and  required  a  gravity  plane  1350 
feet  long  and  a  tram-road  at  the  top  of  the  plane  to  connect  the  mine 
with  the  tipple.  Thirty- two  men  were  employed  in  the  Elk  Run  No.  3 
with  four  mules  for  haulage,  and  87  men  employed  in  the  Elk  Bun  mine 
No.  1  and  eight  mules  for  haulage  during  1907.  The  output  of  the 
former  is  100  tone,  of  the  latter  250  tons  daily.  The  railroad  siding  has 
room  for  40  empty  cars  and  was  extended  in  1903  to  connect  with  the 
Western  Maryland  Railroad  above,  as  well  as  below,  the  tipple. 

The  equipment  of  the  Barnum  mine  consists  of  two  horizontal  boilers 
of  125-hor8e-power  each.  These  supply  an  Ingersoll-Sergeant  straight- 
line  air  compressor,  which  in  turn  operates  rock  drills  in  No.  1  mine  and 
a  Stine  fan  in  No.  3  mine.  Punching  machines  were  discontinued  in 
1905.  The  air  compressor  has  a  24  x  36-inch  steam  cylinder  and  a  capa- 
city of  1400  cubic  feet  of  air  per  minute.  The  boilers,  compressor,  and 
its  receiver,  the  latter  being  30  inches  in  diameter  and  22  feet  long,  are 
located  on  the  West  Virginia  shore  near  the  tipple,  and  the  compressed 
air  is  conveyed  across  the  Potomac  Biver  through  a  6-inch  pipe  supported 
by  a  wire  suspension  bridge.  The  6-inch  pipe-line  extends  500  feet  into 
the  mine  in  the  lower  "  Six-foot "  seam,  where  it  is  reduced  to  4  inches 
diameter.  Pipes  1^  inches  in  diameter  lead  into  the  rooms  *and  supply 
air  to  work  the  coal-cutting  machines.  The  coal  in  the  upper  or  "  Four- 
foot  '*  seam  is  mined  by  pick-work.  The  coal  for  the  boilers  is  run  down 
a  short  incline  from  the  tipple  to  the  boiler-house  and  the  empty  cars 
are  hoisted  up  this  incline  and  returned  to  the  tipple  by  a  small  hoisting 
engine  stationed  in  the  boiler-house.  The  engine  winds  a  wire-rope  which 
passes  around  a  bull-wheel  at  the  top  of  the  incline. 

Besides  the  main  chute  the  tipple  has  an  additional  chute  for  loading 
wagons  for  local  use.  The  main  chute  is  constructed  with  a  folding 
bottom  which  can  be  lifted  or  folded  and  the  coal  loaded  into  box  cars 
on  the  second  track  of  the  railroad  siding  which  passes  under  the  tipple. 
In  addition  to  the  steps  for  the  use  of  the  men  with  which  tipple  struc- 
tures are  usually  provided,  the  tipple  of  this  company  has  an  incline 
which  is  intended  as  a  travelling  way  for  mules  to  and  from  the  mines. 

The  room  and  pillar  system  of  mining  is  used  in  both  of  the  mines 


MAbYLAND  Qeologioal  Survey  215 

of  the  Monroe  Coal  Mining  Company.  The  main  entries  are  9  feet 
wide  with  pillars  of  coal  75  feet  between  the  entry  and  the  air  courses. 
Branch  entries  are  15  feet  wide  with  pillars  of  coal  30  feet  wide  between 
the  parallel  entries.  Rooms  are  driven  20  feet  wide.  The  pillars  be- 
tween rooms  are  25  feet  wide. 

The  rooms  are  usually  300  feet  long.  Three  hundred  and  forty  feet 
are  left  between  each  pair  of  branch  entries  and  a  pillar  of  40  feet  is 
allowed  to  remain  between  the  end  of  the  rooms  and  the  air  courses  to 
protect  the  latter  until  the  pillars  are  drawn.  In  the  "  Six-foot "  seam 
the  height  of  the  coal  is  sufficient  to  afford  head  room  for  men  and 
mules  without  taking  down  the  roof,  while  in  the  upper  or  "  Pour-foot  '* 
seam  2  feet  of  the  roof  is  taken  down  in  headings.  The  coal  seam  in  the 
Bamum  mine  is  over  5  feet,  with  slaty  partings  and  some  bony  coal, 
while  scarcely  3  feet  of  workable  coal  is  found  in  the  Bakerstown  seam. 

The  workings  of  the  "  Six-foot "  seam  are  ventilated  by  a  fan  10  feet 
in  diameter  having  a  capacity  of  40,000  cubic  feet  per  minute.  Com- 
pressive ventilation  is  used,  the  fan,  however,  is  constructed  to  either 
exhaust  the  air  from  the  mine  or  force  it  into  it.  A  7-foot  Stine  fan 
ventilates  the  mine  in  the  upper  "  Pour-foot  *'  seam.  Both  mines  have 
natural  drainage.  The  gauge  of  mine-car  tracks  is  42  inches.  The  cars 
used  in  the  lower  mine  have  a  capacity  of  one  ton  fifteen  hundred  weight 
and  weigh  1100  pounds  when  empty.  Those  used  in  the  upper  mine 
contain  one  ton  four  hundred  weight  and  weigh  when  empty  900  pounds. 
The  mine  cars  are  constructed  with  four  iron  bands  surrounding  the 
body  of  the  car.  Those  used  in  the  lower  or  "  Six-foot  '*  bed  have  double 
brakes,  those  of  the  upper  or  "  Four-foot "  seam  have  single  brakes. 

THREE  FORKS  COAL  MINING  COMPANY. 

The  Three  Porks  Coal  Mining  Company  operates  a  mine  known  as 
Three  Forks  on  the  Maryland  side  of  the  Potomac  River  two  miles  north- 
westerly from  Chaffee,  the  shipping  point  on  the  Western  Maryland 
Railroad.    , 

Three  ForTcs  mine. — This  mine  is  a  drift  mine  in  the  Lower  Kittan- 
ning  seam  and  is  reached  by  a  tram-road  9500  feet  in  length  from  the 
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dump  to  the  bottom  of  a  double-track  incline  plane  540  feet  long  that 
leads  up  to  the  opening.  Like  many  of  the  other  Maryland  operations 
along  the  line  of  the  Western  Mar}'land  Railroad  the  coal  is  taken  over  a 
bridge  that  spans  the  Potomac  Biver,  the  tipple  being  located  on  the  West 
Virginia  side.  The  coal  is  hauled  over  the  tram-road  by  two  locomotives, 
the  company  having  100  mine  cars  for  transportation  purposes.  There 
is  an  excellent  sand  rock  roof,  and  the  bottom  coal  is  from  54  to  60 
inches  in  thickness,  separated  by  a  12-inch  slate  binder  from  the  upper 
bench  which  is  12  inches  thick.  The  mine  is  equipped  w^ith  a  fan  and 
now  employs  62  men,  but  this  force  is  to  be  largely  increased.  Work  on 
this  property  was  begun  in  1906  but  the  first  coal  was  not  shipped  until 
January,  1907.  The  average  daily  output  is  175  tons  but  the  company 
is  planning  to  increase  this  to  about  500  tons  per  day. 

HAMILL  coal  AND  COKE  COMPANY. 

The  Hamill  Coal  and  Coke  Company  has  just  completed  developments 
for  opening  their  mine  known  as  Hamill  No.  1,  three-quarters  of  a  mile 
east  of  Blaine  Station  on  the  Western  Maryland  Railroad. 

Hamill  No.  1. — This  is  a  drift  mine  in  the  Lower  Kittanning  seam 
and  at  the  close  of  1907  had  just  completed  developments  preparatory 
to  actual  operations.  Plans  and  materials  for  the  plant  were  furnished 
by  John  A.  Boebling's  Sons  Company.  The  coal  is  conveyed  from  the 
tipple  at  the  pit  mouth,  across  a  ravine  and  the  river,  to  the  railroad,  a 
distance  of  850  feet  with  a  difference  in  elevation  of  160  feet,  by  a 
Roebling  twin  bucket  aerial  tramway.  This  plant  operates  by  gravity, 
using  two  buckets  each  of  2  tons  capacity  running  on  2-inch  cables  and 
connected  by  a  f-inch  endless  traction  rope,  which  passes  around  three 
sheave  wheels,  each  6  feet  in  diameter,  at  the  tipple  or  upper  terminal 
and  around  two  smaller  idler  sheaves  at  the  lower  or  discharging  termi- 
nal. The  sheaves  at  the  upper  terminal  are  set  horizontally  in  a  triangu- 
lar shape,  the  two  outside  wheels  have  a  brake  band  around  each,  which 
is  connected  with  a  lever  located  in  the  extreme  forward  end  of  the  upper 
terminal,  where  is  also  found  the  two  levers  for  loading  the  buckets. 
From  this  point  the  entire  conveying  mechanism  is  operated  by  one  man. 
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The  main  cables  are  securely  anchored  in  concrete  in  front  of  llie  pit 
mouth  and  are  suspended  the  entire  distance  of  850  feet  without  sujiport. 
At  the  lower  terminal  they  pass  over  sheave  wheels  and  arc;  kept  at  an 
even  tension  by  means  of  a  counter  weight  of  40  tons  attached  to  the 
end  of  each.  The  buckets  discharge  automatically  into  a  50- ton  bin  at 
the  lower  terminal,  from  which  the  railroad  cars  are  loaded.  Thv  tipph? 
being  only  30  feet  from  the  drift,  the  main  heading  is  of  sutlici^'nt  width 
for  loaded  and  empty  tracks.  Fairbanks  automatic  scales  are  uwmI,  the 
coal  being  weighed  in  the  mine  oar.  The  plant  has  a  tested  capacity  of 
2  tons  per  minute. 

The  railroad  siding,  which  connects  with  the  Western  Maryland  Kail- 
road,  consists  of  3200  feet  of  track,  and  is  made  up  of  1000  feet  of  doubh? 
track  connected  with  a  cross-over  switch  immediately  below  the  tenninal. 
This  arrangement  permits  the  placing  of  empties  or  the  pulling  of  joadn 
without  interference. 

THE  POTOMAC  VALLEY  COAL  COMPANY. 

The  Potomac  Valley  Coal  Company  operates  the  Pee  \\<te  or  Darwin 
mine  at  a  point  about  one  mile  below  Blaine. 

Pee  Wee  or  Darwin  mine. — This  mine  is  in  the  Upper  Freepirt  seam, 
the  opening  having  been  made  alxiut  two  years  ago.  MuieH  are  ujv;d 
for  haulage  within  the  mine  and  the  coal  reaches  the  tipple  by  meanK 
of  a  tram-road  1500  f^^rt  in  length  and  an  incline  9fKj  f^;*ft  long.  Ynrmu^fi 
ventilation  i?  u?red.  The  output  of  the  mine  is  alxiUt  2^KJ  Vmvt  daily. 
The  c'^al  is  shipped  by  the  Western  Maryland  Kailr^^ad,  tJje  tipple  ^ieifJg 
located  on  the  opposite  *fide  of  the  Potomac'  Kiver  (roui  the  mine  ai»  in 
the  care  of  ki  many  of  the  operation-  in  the  Potoma/:  Valley,  Forty 
men  were  employed  on  the  average  during  tl>e  pa>?t  year. 

THE  hUilST.  iCM.VO  rOMKi.N  I    \Sh  OAHHtm   COI  VTY  -^^OaL  AM/  UtSlSO 

rOMPA\Y. 
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and  Harrison,  on  the  Western  Maryland  Railroad,  19  miles  southwest  of 
Westemport.  The  coal  from  these  mines  is  run  across  a  bridge  over 
the  Potomac  River  to  a  double  siding  on  the  Western  Maryland  Railroad 


Fig.  14. — Tipples  of  Blaine  Mining  Company  and  Garrett  County  Coal 

and  Mining  Company,  at  Dill. 


on  the  West  Virginia  bank.  The  bridge  and  tipple,  although  but  one 
structure  serving  for  the  two  mines,  has  double  tracks,  scales,  and  dumps 
so  that  the  output  of  each  can  be  weighed  and  loaded  into  separate  cars 
on  the  railroad  siding.  The  tipple  structure  is  but  14  feet  above  the 
tracks  of  the  railroad  siding  and  has  no  chutes,  the  coal  being  dumped 
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directly  into  the  railroad  cars.    The  sidings  hold  eight  empty  and  eiglit 
loaded  railroad  cars  for  each  mine. 

The  Blaine  Mining  Company's  mine,  known  as  the  Blaine  mine,  lying 
about  one-third  of  a  mile  west  of  the  Potomac  River,  is  connected  with 
this  tipple  by  a  gravity  plane  1125  feet  long  and  a  tram-road  1100  feet 
in  length,  the  latter  being  of  easy  grade  and  leading  from  the  foot  of  the 
plane  across  the  bridge  to  the  tipple  on  the  West  Virginia  side.  At  the 
landing  at  the  foot  of  the  plane  the  rope  is  disconnected  from  the  "  trip  " 

• 

of  four  loaded  cars  and  the  "  trip  "  is  run  into  the  tipple  by  gravity,  con- 
trolled by  a  brakeman.    The  empty  cars  are  returned  to  the  bottom  of 


Fig.  15. — T;ack  Arrangement  of  the  Blaine  Mining  Company, 

the  plane  by  a  horse  and  driver.  The  drift  op<;ning  i^  jiut  far  enough 
from  the  top  of  the  plane  to  afford  trackage  room  for  cars.  Sixty  men 
were  employed  in  190T.  The  mine  is  a  drift  and  the  coal  worked  to  the 
ri=e  with  entries  and  rooms  in  favor  of  the  loaded  cars.  The  hAulage 
is  done  ^xi\'  horses  and  the  drainage  is  natural.  .Some  fieavy  grades  are 
encountered  in  tr.e  workinjra.  Tlie  coal  i>ed  averasres  -S  feet  lu  thickness 
with  rwo  slate  parting*  a'r/>ut  1  inch  thiick  diriding  the  Cf/a!  bed  int/> 
three  neariv  ec-al  bencr.es.  Tr.e  rx^m  and  r»:I!ar  frstem  of  mininar  ia 
U5e<:.  The  do-'^ie  i^aralle!  enrrie-  r.ave  lii.lars  €0  feet  tf*:ek  between 
then:.  The  rr^in  h^  lin?  \h  10  f*e-:  -kA^.  Brar.ch  hea.^:nsr»  ar*;  K  feet 
wide  a^i  iir  oo-;rvra  1^  f>et.     Roorr..*  :s:r  drlTer  I*  feet  xir^e  4nt  hare 
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pillars  of  40  feet  between  them.  The  length  of  the  rooms  or  the  dis- 
tance from  one  heading  to  the  air  courses  of  the  heading  is  300  feet. 

In  the  headings  12  to  15  inches  of  fire-clay  rock  above  the  coal  bed  is 
taken  out  and  10  to  12  inches  of  coal  above  the  fire-clay  so  that  the 
headings  will  average  7^  feet  in  height.  The  course  of  the  main  head- 
ing is  N.  44°  W.  That  of  butt  entries  to  the  right  is  N.  15°  E.,  and  of 
butt  entries  to  the  left  S.  60°  W.  The  rooms  are  driven  N.  44°  W.  or 
parallel  to  the  main  entry.  The  coal  is  mined  entirely  by  pick-work. 
The  mine  is  ventilated  naturally,  assisted  by  a  fan  at  the  drift  mouth 
100  yards  or  more  northeast  of  the  main  opening.  The  mine  cars  have 
a  capacity  of  1^  tons  of  coal  each  and  weigh  1200  pounds  when  empty. 
They  are  constructed  with  three  strap-iron  binders,  and  most  of  them  are 
furnished  with  double  brakes,  the  bar  passing  underneath  and  operating 
upon  both  wheels  on  each  side  of  the  car.  The  gauge  of  mine-car  tracks 
is  3  feet. 

The  Garrett  County  Coal  and  Mining  Company^ s  mine,  known  as 
Dill  Mine  No,  1,  is  on  the  west  side  of  the  Potomac  River  not  far  from 
the  Blaine  mine  but  has  not  been  in  operation  since  1904.  It  is  a  drift 
mine  in  the  Lower  Kittanning  seam  and  is  separated  from  the  Blaine 
Mining  Company's  mine  by  a  ravine  which  has  cut  out  the  coal  bed  and 
made  the  two  mines  distinct  operations.  A  tram-road  leads  from  the 
drift  to  the  top  of  the  plane  which  lands  the  loaded  mine  cars  at  the  west 
end  of  the  bridge  alongside  of  the  track  of  the  Blaine  Mining  Company, 
whence  they  can  be  run  over  the  bridge  to  a  tipple  by  gravity  after 
which  they  are  returned  to  the  bottom  of  the  plane  by  horses.  The  plane 
has  three  rails  and  the  gauge  of  the  track  is  3  feet.  The  coal  bed  is 
worked  to  the  rise  and  the  mine  is  naturally  drained  and  ventilated. 

The  Garrett  County  Coal  and  Mining  Company  is  at  present  operat- 
ing Dodson  mine  No,  1,  which  is  situated  at  Dodson,  about  a  mile  above 
Harrison,  on  the  Western  Marvland  Railroad.  It  is  a  drift  mine  in  the 
Lower  Kittanning  seam,  the  opening  being  on  the  Maryland  side  of  the 
Potomac  River.  The  mine  is  operated  by  tail-rope  and  mule  haulage. 
There  is  a  plane  700  feet  long  to  the  tipple  on  the  Western  Marvland 
Railroad.     A  second  plane  150  feet  long  leads  to  an  opening  54  feet 
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above  the  Lower  Kittanning  coal,  which  has  been  operated  at  times.  The 

lower  opening  is  provided  with  a  fan,  the  upper  with  a  furnace.  The 

ventilation  is  by  the  overcast  system,  split  in  to  each  heading.  The 
company  employed  147  men  on  the  average  during  the  year  1907. 

THE  UPPER  POTOMAC   COAL  COMPANY. 

The  Upper  Potomac  Coal  Company  operates  the  Upper  Potomac  mine 
near  Hubbard  on  the  Western  Maiyland  Railroad. 

Upper  Potomac  mine. — ^This  mine  is  situated  on  the  Maryland  side  of 
the  Potomac  River  opposite  Hubbard  on  the  Western  Maryland  Railroad 
about  midway  between  Harrison  and  Schell.  The  mine  is  a  drift  open- 
ing in  the  Lower  Kittanning  seam.  The  coal  is  hauled  from  the  mine 
by  a  4-ton  steam  locomotive  to  the  head  of  the  gravity  plane  1000  feet 
in  length,  from  which  the  coal  is  taken  by  a  bridge  over  the  Potomac 
River  to  the  tipple,  the  latter  being  a  plain  wooden  structure  with  the 
short  chute  dumping  endwise  into  the  railroad  cars.  The  mine  is 
naturally  drained  and  is  provided  with  a  12-foot  fan.  The  capacity  of 
the  mine  is  about  300  tons  daily.  Ninety  men  were  employed  on  the 
average  during  1907. 

THE  STOYER  RUN  COAL  COMPANY. 

The  Stover  Run  Coal  Company  has  three  mines,  known  as  Xos.  1,  2, 
and  3,  at  Stoyer  on  the  Western  Maryland  Railroad.  Nos.  1  and  3  are 
the  only  mines  operated  at  the  present  time.  This  property  was  formerly 
owned  by  the  Datesman  Coal  Company,  who  sold  it  to  John  Wills,  from 
whom  it  was  acquired  by  the  Stoyer  Run  Coal  Company  in  January,  1905. 

Mine  No,  1. — This  mine  is  located  in  the  I»wer  Kittanning  seam.  It 
is  a  drift  mine,  is  ventilated  by  a  fan,  and  is  provided  with  a  tram-way 
to  the  siding  on  the  Western  Marj-land  Railroad.  Xew  mine  cars  have 
been  recently  purchased.  This  mine  now  has  an  output  of  300  tons  per 
day.     The  coal  is  entirely  obtained  by  hand-pick  mining. 

Mine  No,  3. — This  mine  is  a  drift  opening  in  the  Upper  Freeport  seam. 
A  plane  about  650  long  leads  to  the  uf»i)er  mine  and  a  small  stationary 
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engine  is  used  to  haul  the  coal  out.     This  mine  has  a  maximum  capacity 
of  300  tons  per  day. 

Forty-three  men  were  employed  on  tlie  average  at  this  mine  during 
1907. 

THE  BEEOHWOOD-CUMBERLAND  COAL  COMPANY. 

The  Beechwood-Cumberland  Coal  Company  operates  the  Beechwood 
mine  at  Deal  on  the  Western  Maryland  Railroad.  The  property  is 
located  in  Glade  Run  about  1^  miles  east  of  Gorman. 

Beechwood  mine. — ^This  mine  is  a  drift  opening  in  the  Upper  Preeport 
seam  which  is  about  4  feet  6  inches  thick.  The  main  heading  and  air 
course  have  been  driven  about  ^200  feet  and  rooms  turned  oflf  to  the 
right  and  left  affording  places  for  20  miners.  The  coal  is  of  a  good 
quality  with  few  faults  and  the  partings  of  bony  coal  and  slate  are  few 
and  located  well  apart.  The  roof  and  floor  are  both  good,  and  the  mine 
is  fairly  dry.  The  slope  of  the  coal  is  to  the  face  of  the  heading  and 
the  water  is  pumped  to  the  pit  mouth  and  discharged  into  Glade  Run. 

The  cars  used  in  the  mine  are  distributed  and  collected  by  mules  and 
brought  to  the  main  heading,  whence  they  are  drawn  out  by  the  sta- 
tionary engine  in  the  power  house.  The  coal  is  transported  from  the 
pit  mouth  to  the  tipple  by  means  of  tail  rope  haulage,  over  an  inclined 
plane  1800  feet  long.  The  tipple  is  located  on  the  west  bank  of  the 
north  fork  of  the  Potomac  River,  and  is  connected  with  the  tracks  of 
the  Western  Maryland  Railroad  by  a  switch.  The  tipple  is  of  frame 
with  side  dump  and  scale  house.  The  power  house  equipment  consists 
of  a  two-cylinder  stationary  engine  and  100  H.  P.  boiler. 

The  production  is  about  100  tons  per  day  when  running  fidl,  but 
the  mine  has  not  been  operated  continuously  during  1907.  The  number 
of  miners  employed  varies  from  10  to  20,  and  the  number  of  other  em- 
ployees is  three,  when  mining  at  full  capacity. 

.  THE   NETHKIN   COAL  AND   COKE   COMPANY. 

The  Nethkin  Coal  and  Coke  Company  has  opened  up  a  mine  on  the 
Maryland  side  of  the  Potomac  River  opposite  Bayard  on  the  Western 
Maryland  Railroad. 
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Bayard  mine  is  a  drift  mine  in  the  Upper  Freeport  seam.  .Very  little 
work  has  been  done  as  yet  and  the  coal  thus  far  has  been  chiefly  fur- 
nished for  local  consumption  to  the  town  of  Bayard.  The  mine  was 
idle  during  the  year  1907. 

THE  PENy-GARRETT  COAL  COMPANY. 

The  Penn-Garrett  Coal  Company  operates  three  small  mines,  known 
as  Nos.  1,  2,  and  3,  at  Kendall  near  Friendsville  in  the  Upper  Youghio- 
gheny  Valley. 

Mines  Nos.  1,  2,  and  S. — ^The  Penn-Garrett  Coal  Company  has  opened 
up  three  small  mines  in  the  Lower  Eittanning  seam  at  Kendall  about 
two  miles  south  of  Friendsville  on  the  west  bank  of  the  Youghiogheny 
River.  An  opening  has  also  been  made  in  the  "  Split-six ''  seam.  The 
ventilation  is  natural.  The  coal  is  shipped  over  the  Confluence  and 
Oakland  branch  of  the  Baltimore  and  Ohio  Railroad.  The  mines  have 
not  been  in  operation  since  July^  1907,  and  the  company  reports  that 
they  are  about  perfecting  the  transfer  of  the  property  to  a  new  company, 
known  as  the  Western  Maryland  Coal  and  Coke  Company.  About  10 
men  on  the  average  were  employed  in  the  mine. 

THE  KENDALL  LUMBER  COMPANY. 

The  Kendall  Lumber  Company  operates  the  Preston  mine  four  miles 
from  Hutton  on  the  Preston  Railroad. 

Preston  mine. — This  is  a  drift  mine  in  the  Upper  Freeport  seam. 
The  mine  has  natural  ventilation  through  an  air-shaft,  and  the  coal  is 
taken  from  the  mouth  of  the  mine  to  the  tipple,  a  distance  of  300  feet, 
on  a  tram-road.  The  coal  is  shipped  over  the  Preston  Railroad  to  the 
siding  of  the  Company  via  the  Baltimore  and  Ohio  Railroad  at  Hutton, 
although  most  of  the  coal  is  used  at  the  Company^s  plant.  Four  men  on 
the  average  were  employed  during  1907. 
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INTRODUCTION. 

Distribution. — Limestone  is  found  widely  distributed  throughout  the 
Piedmont  and  Appalachian  regions  of  Maryland,  the  most  important 
occurrences  being  in  Baltimore,  Carroll,  Frederick,  Washington,  and  Alle- 
gany counties.  The  floors  of  the  great  Frederick  and  Hagerstown  valleys 
are  composed  of  this  rock  while  many  of  the  smaller  valleys,  both  in  the 
Piedmont  and  Appalachian  regions  likewise,  are  underlain  by  this  ma- 
terial. Marl,  which  at  times  has  the  composition  of  an  impure  limestone 
without  the  induration  which  characterizes  that  rock,  is  found  in  several 
localities  in  the  southern  and  eastern  counties,  but  nowhere  attains  suffi- 
cient importance  to  be  employed  for  more  than  local  uses.  It  is  found 
chiefly  in  Queen  Anne's,  Talbot,  Calvert,  St.  Mary's,  and  Prince  George's 
counties. 

Age. — ^The  Maryland  limestones  vary  in  age  from  those  that  have  been 
assigned  to  the  pre-Cambrian  to  those  of  the  Carboniferous;  the  most 
important  being  found  in  the  Ordovician,  Silurian,  and  Devonian.  The 
shell  marl  deposits  are  chiefly  Tertiary,  the  most  important  being  of 
Miocene  Age. 

Origin. — Limestone  may  be  formed  either  as  the  result  of  chemical 
precipitation  from  solution  or  through  the  accumulation  of  the  shells  of 
organisms  that  secrete  a  calcareous  test.    Most  limestones  are  of  organic 
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origiii  and  have  been  formed  under  water,  being  laid  down  in  the  sea  at 
varying  depths  and  at  different  distances  from  the  shore.  Those  in  Mary- 
land are  of  marine  origin,  having  been  laid  down  at  moderate  depths. 

Limestones  vary  both  in  chemical  composition  and  in  physical  appear- 
ance, the  latter  often  being  a  criterion  of  the  former.  These  differences 
in  composition  and  physical  appearance  may  be  due  either  to  differences 
in  the  conditions  of  deposition  or  to  subsequent  causes,  as  for  instance, 
when  a  limestone  from  the  application  of  the  metamorphic  forces,  heat 
and  pressure,  is  changed  to  a  marble.  Chemically,  the  two  rocks  may 
be  identical,  but  in  one  the  calcium  carbonate  is  more  or  less  amorphous 
or  perhaps  subcrystalline,  while  in  the  marble  the  calcium  carbonate  is 
distinctly  cr}'stalline,  occurring  in  the  form  of  crystals  of  calcite  in  a 
matrix  of  calcareous  cement.  Even  more  noticeable  are  the  effects  due 
to  differences  in  chemical  composition.  A  limestone  deposited  under  shal- 
low-water conditions  and  contaminated  by  land-derived  materials  is  very 
different  both  in  appearance  and  in  composition  from  the  limestone 
formed  farther  off-shore  where  the  water  is  clearer  and  deep,  and  the 
contaminating  impurities  such  as  the  suspended  material  of  a  muddy 
sea  are  probably  almost  if  not  entirely  absent.  In  the  first  case  a  shaly 
or  argillaceous  limestone  is  formed,  while  obviously  in  the  latter  instance 
a  purer  limestone  results  that  is  different  from  the  former  chemically  as 
well  as  physically. 

Composition. — The  chief  constituent  of  a  limestone  is  calcium  car- 
bonate. An  absolutely  pure  limestone  contains  56  per  cent.  CaO  (lime) 
and  44  per  cent.  COj  (carbon  dioxide),  and  its  chemical  composition  is 
expressed  by  the  formida  CaCOg  (calcium  carbonate).  Most  limestones 
are  contaminated,  however,  by  the  presence  of  other  constituents  such  as 
magnesia,  silica,  iron,  and  alumina;  and  though  there  occur  workable 
deposits  of  very  pure  limestone  whose  composition  closely  approximates 
that  of  the  ideal  as  expressed  by  the  formula  just  given,  they  are  very 
rare,  and  because  of  tlieir  scarcity,  when  well  situated  for  commercial 
use,  are  each  year  becoming  increasingly  valuable,  chiefly  because  of  the 
growing  demand  and  the  necessity  of  their  use  in  certain  metallurgical 
processes  and  for  other  purposes  where  the  purity  of  the  limestone  is  the 
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chief  essential.  It  must  not  be  inferred,  however,  that  only  the  pure 
limestones  are  valuable.  Often  the  constituents  that  cause  their  im- 
purities give  the  impure  limestones  a  value  for  special  use,  as,  for  instance, 
the  argillaceous  impurities  of  some  of  the  limestones  give  them  a  special 
value  when  used  in  the  manufacture  of  cement.  Magnesia,  the  bane  of 
the  Portland  cement  manufacturer,  is  one  of  the  chief  impurities  found 
in  limestones  of  nearly  all  geological  horizons,  but  aside  from  a  few 
notable  exceptions,  especially  is  this  true  of  the  older  limestones.  When 
the  magnesia  approximates  to  21.73  per  cent,  and  the  lime  30.44  per  cent., 
with  47.83  COj,  the  stone  so  composed  is  known  as  a  dolomitic.  The 
presence  of  the  magnesium  carbonate,  though  an  impurity,  unaccompanied 
by  appreciable  quantities  of  the  impurities,  silica  and  alumina,  renders 
limestone  so  constituted  adapted  for  fluxing  purposes.  It  must  be  evident, 
therefore,  that  the  value  of  a  limestone  may  not  depend  altogether  on  its 
purity,  but  may  be  equally  as  valuable  because  of  the  lack  of  it.  It  is 
not  customary  to  describe  the  rock  as  a  limestone  when  the  magnesia  is 
over  21  per  cent.,  or  when  the  sum  of  the  silica,  alumina,  and  iron  is 
more  than  36  per  cent.  The  former  would  be  called  a  dolomite  and  the 
latter  a  calcareous  shale. 

Varieties. — Limestones  differ  widely  in  color,  texture,  and  chemical 
composition.  In  color  limestones  range  all  the  way  from  white  to  black, 
depending  upon  differences  in  texture  and  composition.  The  so-called 
amorphous  limestones  generally  appear  light  gray  to  bluish-gray,  weather- 
ing light  gray  to  dove-colored  and  less  commonly  brown.  With  increasing 
crystallinity  the  color  becomes  brighter  and  often  white.  Crystalline 
varieties  occur  which  are  variegated  in  color  due  to  microscopic  coloring 
matter  or  to  the  presence  of  colored  minerals  resulting  from  the  crystal- 
lization of  original  impurities.  The  color  may  be  uniformly  distributed 
throughout  the  mass,  arranged  in  definite  bands,  or  disseminated  irreg- 
ularly. In  texture  they  may  be  massive  or  laminated,  clearly  crystalline 
or  apparently  amorphous.  In  chemical  composition  they  may  be  pure, 
highly  magnesian  and  dolomitic,  or  argillaceous,  due  to  clayey  impurities 
with  wide  ranges  in  the  content  of  iron,  silica  and  alumina.  Marked 
differences  occur  not  only  in  the  respects  just  mentioned,  but  also  in  the 
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degree  of  hardness  and  in  the  manner  of  weathering  and  fracture.  Ac- 
cording to  the  various  characteristics,  limestones  may  be  described  as 
argillaceous,  silicious,  bituminous,  magnesian ;  massive,  flaggy,  or  oolitic ; 
chalky,  shelly,  or  coralline.  Moreover,  a  limestone  may  range,  depending 
on  the  absence  or  the  degree  of  metamorphism,  from  an  amorphous  lime- 
stone to  one  highly  and  coarsely  crystalline,  and  in  the  latter  event  is 
property  termed  a  marble.  Many  coarsely  crystalline  limestones,  how- 
ever, are  not  referred  to  as  marbles  because  of  their  not  being  adapted 
to  purposes  for  which  marble  is  commonly  used,  though  in  a  scientific 
sense  they  may  be  true  marbles. 

Uses  of  Limestone. 

Limestone  has  a  wide  range  of  uses  and  is  easily  the  most  thoroughly 
exploited  of  all  the  sedimentary  rocks.  Besides  yielding  the  most  fertile 
soils  it  furnishes  the  basis  of  a  number  of  extremely  important  industries, 
notably  those  of  cement  and  lime.  Millions  of  tons  are  quarried  and  used 
in  the  metallurgy  of  iron  while  thousands  of  tons  are  also  consumed 
annually  by  the  lead-  and  copper-smelting  industries.  As  is  well  known, 
limestone  is  extensively  employed  and  much  in  demand  as  a  building 
stone  and  used  as  a  road  metal  and  as  ballast  and  in  concrete  work,  and 
for  a  large  number  of  miscellaneous  purposes  less  important  which  it  is 
unnecessary  to  enumerate  here.    The  four  major  uses  of  limestone  are: 

1.  Building  stone. 

2.  Crushed  stone. 

3.  Metallurgical  uses. 

4.  Limes  and  cements. 

These  uses  will  be  taken  up  and  discussed  in  the  order  in  which  they 
are  mentioned. 

BUILDING   STONE.* 

The  chief  limestones  quarried  in  Maryland  and  shipped  for  building 
stone  are  the  white  crystalline  varieties;  in  other  words  the  limestone 

♦  The  Building  and  Decorative  Stones  of  Maryland.  Md.  Geol.  Survey,  Vol. 
IT.  Pt.  II. 
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found  in  the  eastern  and  western  Piedmont  which  have  heen  metamor- 
phosed to  marbles.  The  blue  and  gray  Paleozoic  limestones  that  occupy 
the  Hagerstown  and  Frederick  valleys  are  quarried  for  local  use,  but 
there  is  no  quarry  in  operation  either  in  the  Hagerstown  or  the  Frederick 
valleys  making  it  a  business  to  furnish  these  blue-gray  limestones  for 
building  purposes  alone.  Since  these  limestones  at  certain  horizons 
furnish  stone  of  excellent  quality  for  structural  work  it  is  surprising 
that  they  are  not  more  widely  used  for  building  purposes.  A  marble 
resulting  from  the  local  metamorphism  of  the  Tomstown  formation  of 
the  Shenandoah  group  has,  however,  been  quarried  extensively  near 
Eakles  Mills,  Washington  County.  The  blue  and  gray  limestones  are  also 
widely  used  for  minor  building  purposes,  such  as  trimming,  door  sills 
and  foundations,  although  it  is  noteworthy  that  few  buildings  either  in 
Hagerstown,  Frederick,  or  the  surrounding  towns  have  been  built  ex- 
clusively of  limestone  during  later  years.  In  the  area  between  North 
Mountain  and  the  western  boundary  of  the  State  Paleozoic  limestone 
formations  of  later  geological  age  occur,  namely,  the  Cayuga,  the  Helder- 
berg,  and  the  Greenbrier,  but  none  of  these  has  more  than  a  very  limited 
use  as  a  source  of  building  stone.  Of  the  limestone  formations  men- 
tioned the  Helderberg  is  the  only  one  which  offers  reasonable  grounds 
for  expecting  good  building  material  within  its  limits.  The  upper  mas- 
sive beds  of  the  Helderberg,  which  outcrop  in  five  or  six  small  bodies 
along  the  Potomac  from  Hancock  to  Cumberland,  and  form  a  continuous 
belt  from  the  latter  point  to  Keyser,  West  Virginia,  aiford  every  indica- 
tion that  satisfactory  building  stone  may  be  obtained.  Little  if  any 
work  has  been  done  in  this  formation  because  there  has  been  no  local 
demand. 

CRUSHED  STONE. 

Limestone  is  sold  in  the  form  of  crushed  stone  to  be  used  as  road  metal, 
ballast,  and  for  concrete  work.  The  size  of  the  fragment  in  each  case 
will  depend  upon  the  use  for  which  it  is  employed.  The  statistics  gathered 
by  the  Maryland  Geological  Survey,  in  conjunction  with  the  United 
States  Geological  Survey,  show  that  limestone  sold  as  crushed  stone  in 
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Maryland  has  a  much  greater  yalue  as  regards  the  annual  prodnction  than 
any  other  crude  form  in  which  it  is  marketed.  All  three  types  as  enumer- 
ated above  are  obtained  from  crushing  the  stone  as  delivered  from  the 
quarry  either  in  Austin  or  Gates  crushers  or  other  suitable  machinery, 
then  passing  it  for  assortment  into  sizes  through  inclined  rotary  screens. 
The  "  screenings  '*  or  smallest  sizes  are  being  further  pulverized  by  cer- 
tain operators  in  various  parts  of  the  country  to  meet  a  growing  demand 
for  ground  limestone  for  use  as  a  soil  amendent. 

Road  Metal.* — The  limestone  for  road  metal  should  possess  high- 
cementing  power  and  high  resistance  to  wear.  The  first  property  indi- 
cates the  consolidation  of  surface  dust  after  rains  and  a  satisfactory 
cementation  of  the  smaller  fragments  of  the  upper  course  of  the  road. 
The  high-cementing  power  usually  possessed  by  limestones  offsets  in 
great  measure  their  lower  coeflScient  of  wear  when  compared  with  trap 
and  other  road  metals.  Crushed  limestone  for  road  work  is  usually  as- 
sumed to  have  good  cementing  values  without  special  testing,  but  the  co- 
efficient of  wear  must  not  be  less  than  12,  the  cementing  power  increasing 
with  the  purity  of  the  limestone,  the  wearing  ability  with  an  increase  of 
silica. 

Most  of  the  limestones  in  the  State  are  locally  serviceable  for  road 
metal,  but  material  for  high-class  construction  is  more  or  less  limited. 

Ballast. — Crushed  limestone  is  used  extensively  for  ballast  in  rail- 
road construction  because  of  the  angular  forms  into  which  the  fragments 
break  and  the  freedom  from  serious  breaking  when  tamped  under  the 
sleepers.  Heretofore  limestone  has  been  regarded  as  one  of  the  most  sat- 
isfactory and  economical  ballast  materials,  but  with  the  increase  in  the 
weight  of  rolling  stock  and  the  severe  demands  on  the  roadbed  there  has 
developed  the  beginning  of  a  demand  for  stone  of  higher  crushing 
strength,  even  if  more  expensive.  This  change  in  demand  may  lead  to 
the  utilization  of  highly  silicious  limestone  and  calcareous  sandstone 
which  hitherto  have  been  practically  worthless. 

Concrete. — Stone  crushed  for  use  in  concrete  should  be  free  from 
large  amounts  of  dust  and  not  too  closely  screened  to  uniform  size  in 

♦Md.  Geol.  Survey,  Vol.  III.  pp.  315-330;  Vol.  IV,  pp.  124-133. 


Mabylakd  Geologioal  Subvst  233 

the  smaller  sizes  since  experiments  have  shown  that  the  strongest  cement 
mortars  are  those  in  which  there  is  the  greatest  density  due  to  the  close 
packing  of  different  sized  fragments  which  leaves  the  lowest  percentage 
of  voids  or  cavities.  It  should  be  home  in  mind  that  the  strength 
of  the  stone  has  an  equal  if  not  greater  influence  on  concretes  for  certain 
uses,  but  the  relative  influence  of  the  size,  shape,  and  strength  of  the 
stone  fragments  has  not  been  finally  determined. 

Ground  Limestone. — Inasmuch  as  this  ground  limestone  may  be 
applied  at  any  season  of  tlie  year,  and  is  said  to  yield  excellent  results 
when  ground  to  a  fineness  of  60  to  70  mesh,  there  are  those  that  hold  the 
opinion  that  it  is  destined  to  be  largely  used  as  a  substitute  for  burnt  lime 
for  agricultural  purposes. 

The  liming  of  the  soils  with  burnt  lime  has  long  been  known  to  effect 
a  ''  sweetening  '^  of  soils  which  have  become  *'  soured."  The  recent  work 
on  the  part  of  agriculturalists  and  soil  bacteriologists  has  shown  that  the 
so-called  sour  condition  of  the  soil,  resulting  in  a  decrease  in  the  second 
crop  of  a  given  cereal,  is  due  more  to  the  toxic  condition  of  the  soil 
through  secretions  of  the  vegetation  than  to  an  actual  lack  of  plant  food. 
It  was  also  formerly  supposed  that  the  liming  of  the  soils  not  only  neu- 
tralized the  acidity  of  the  soil,  but  furnished  the  plant  food.  When  lime 
(CaOHa)  is  added  to  the  soil  it  gradually  changes  under  the  action  of 
the  atmosphere  and  moisture  of  the  soil  to  carbonate  of  lime  which  to 
some  extent  is  converted  through  excess  of  carbon  dioxide  to  soluble 
bicarbonate  or  acid  carbonate  of  lime.  The  use  of  ground  limestone  is 
based  upon  the  assumption  that  siuce  it  is  carbonate  of  lime  it  will  prove 
as  satisfactory  as  agricultural  lime  provided  the  two  are  of  the  same 
degree  of  fineness.  It  is  a  well-known  fact  that  the  chemical  activity 
varies  with  the  fineness  of  the  grain  on  account  of  the  relatively  large 
surface  of  the  individual  particles  as  compared  with  their  mass.  The 
problem  for  the  manufacturer  is  to  establish  a  balance  between  the  de- 
crease of  eflBciency  due  to  coarseness  of  grain  and  the  increase  in  cost  due 
to  excessively  fine  grinding. 

Crushed  limestone,  or  better  ground  limestone,  is  now  used  in  enor- 
mous quantities  in  the  manufacture  of  calcium  nitrate  for  use  as  a  ferti- 
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lizer.  The  possibility  of  making  a  cheap  calcium  nitrate  by  treating 
either  calcium  carbonate  or  lime  with  nitric  acid  depends  upon  the  cost 
of  the  latter  reagent.  By  the  introduction  of  new  electrical  processes  the 
reduction  of  cost  of  nitric  acid  has  been  sufficient  to  render  the  profitable 
manufacture  of  calcium  nitrate  feasible. 

Ground  limestone  is  also  used  for  neutralizing  the  acidic  condition  of 
dyed  textiles  and  in  the  manufacture  of  carbon  dioxide  by  the  treatment 
of  limestone  with  acid. 

METALLUBGICAL  USES. 

The  uses  of  limestone,  including  in  that  term  also  the  dolomites  and 
dolomitic  limestones,  will  depend  in  general  upon  its  chemical  composi- 
tion, and  more  particularly  upon  its  freedom  from  siliceous  impurities. 
The  more  important  uses  in  the  approximate  order  of  purity  of  stone 
required  are  as  follows: 

1.  Glass-making. 

2.  Furnace  linings. 

3.  Flux  in  blast  furnaces. 

4.  Flux  in  basic  open  hearth  steel  furnaces. 

5.  Cement  manufacture 

Of  these  uses  only  2,  3,  and  4  can  properly  be  termed  metallurgical 
uses. 

Olass-Making, 

Limestone  enters  as  an  essential  element  into  the  manufacture  of 
glass.  In  plate  glass  it  equals  about  one-quarter  by  weiglit  of  the 
sand  in  the  batch,  and  in  window  glass  about  two-fifths,  while  in 
green-bottle  glass  the  proportion  by  weight  compared  with  the  sand 
is  about  one-third.  The  other  essential  raw  materials  that  enter  into 
mixtures  for  manufacturing  glass  are  salt  cake  (N'a2S04)  and  soda 
ash  (NajCOs).  Carbon  (C),  arsenic  (ASjOg),  potash  (KjCOg),  and  red 
lead  (2Pb-0,  PbOa),  are  also  used  in  small  amounts.  Sand  consti- 
tutes 62  to  65  per  cent,  of  the  mixture  of  raw  materials.  After  this 
mixture  has  been  melted  and  carbon  dioxide,  sulphur  dioxide,  and  other 
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volatile  compounds  have  been  driven  oflf  the  finished  product  contains 
from  60  to  75  per  cent,  of  silica. 

Limestone  used  in  glass-making  should  contain  very  little  ferric  oxide 
and  very  little  magnesia.  The  former  should  not  exceed  .5  to  .6  per  cent. 
— ^the  less  the  better,  since  the  effect  of  iron  in  greater  amounts  than 
.5  to  .6  per  cent,  is  injurious  because  it  detracts  from  the  brilliancy, 
clearness,  and  transparency  of  the  finished  product.  Magnesia  is  an 
undesirable  constituent,  for  with  it  present  in  the  mixture  of  raw  ma- 
terials more  heat  is  required  to  produce  fusion  and  form  the  silicates 
of  sodium,  potash,  calcium,  etc.,  of  which  glass  is  composed,  than  would 
otherwise  be  necessary. 

The  following  analyses  give  the  composition  of  limestones  actually 
used  in  glass  manufacture.  The  analyses  of  limestone  is  followed  by  an 
analysis  showing  the  composition  of  a  typical  good  glass-sand.  A  com- 
parison of  these  limestone  analyses  with  those  of  some  of  the  limestone 
material  near  Union  Bridge,  and  with  certain  of  the  limestone  occur- 
rences in  the  eastern  Piedmont  and  elsewhere  in  the  State,  shows  that 
limestones  of  a  correct  composition  for  glass-making  may  be  had  in 
Maryland  at  a  number  of  different  localities. 

Analyses  of  Limestone  and  Sand  Used  in  Glass-Making.* 

Limestone.  Sand. 
A , 

12  3                 4  6 

Silica    (SiOJt    8.87          .1.86  1.01          1.01  98.94 

Alumina   (A1,0,)    1.10            .02  .30 

Iron    (FeA)     59          .20            .IGJ  .0036 

Magnesia  (MgO) 00  .09  .72  Tr. 

Lime    (CaO)    50.53        54.86  54.73  54.45  .40 

CO,   39.70        42.89  42.99  43.55                    .23 

1.  Meramec  Quarry  Co.,  Wickes,  Mo. 

2.  Meramec  Quarry  Co.,  Wickes,  Mo. 

3.  Armstrong  Quarry,  Alton,  111. 

4.  Pennsylvania.,  Cf.  Mineral  Industry,  1899,  p.  240. 

5.  Analysis  of  Glass-Sand  used  by  Pittsburg  Plate  Glass  Co. 

♦  Burchard,  E.  F.,  U.  S.  G.  S.  Bull.,  285,  p.  458. 
t  Including  silicates. 
i  FeCO,. 
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lizer.  The  possibility  of  making  a  cheap  calcium  nitrate  by  treating 
either  calcium  carbonate  or  lime  with  nitric  acid  depends  upon  the  cost 
of  the  latter  reagent.  By  the  introduction  of  new  electrical  processes  the 
reduction,  of  cost  of  nitric  acid  has  been  sufficient  to  render  the  profitable 
manufacture  of  calcium  nitrate  feasible. 

Ground  limestone  is  also  used  for  neutralizing  the  acidic  condition  of 
dyed  textiles  and  in  the  manufacture  of  carbon  dioxide  by  the  treatment 
of  limestone  with  acid. 

HETALLUBGICAL  USES. 

The  uses  of  limestone,  including  in  that  term  also  the  dolomites  and 
dolomitic  limestones,  will  depend  in  general  upon  its  chemical  composi- 
tion, and  more  particularly  upon  its  freedom  from  siliceous  impurities. 
The  more  important  uses  in  the  approximate  order  of  purity  of  stone 
required  are  as  follows: 

1.  Glass-making. 

2.  Furnace  linings. 

3.  Flux  in  blast  furnaces. 

4.  Flux  in  basic  open  hearth  steel  furnaces. 

5.  Cement  manufacture 

Of  these  uses  only  2,  3,  and  4  can  properly  be  termed  metallurgical 
uses. 

OlasS'Making. 

Limestone  enters  as  an  essential  element  into  the  manufacture  of 
glass.  In  plate  glass  it  equals  about  one-quarter  by  weight  of  the 
sand  in  the  batch,  and  in  window  glass  about  two-fifths,  while  in 
green-bottle  glass  the  proportion  by  weight  compared  with  the  sand 
is  about  one-third.  The  other  essential  raw  materials  that  enter  into 
mixtures  for  manufacturing  glass  are  salt  cake  (Kra2S04)  and  soda 
ash  (NagCOs).  Carbon  (C),  arsenic  (ASjOj),  potash  (KjCO.,),  and  red 
lead  (2Pb-0,  PbOj),  are  also  used  in  small  amounts.  Sand  consti- 
tutes 62  to  65  per  cent,  of  the  mixture  of  raw  materials.  After  this 
mixture  has  been  melted  and  carbon  dioxide,  sulphur  dioxide,  and  other 
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volatile  compounds  have  been  driven  oflf  the  finished  product  contains 
from  60  to  75  per  cent,  of  silica. 

Limestone  used  in  glass-making  should  contain  very  little  ferric  oxide 
and  very  little  magnesia.  The  former  should  not  exceed  .6  to  .6  per  cent. 
— ^the  less  the  better,  since  the  effect  of  iron  in  greater  amounts  than 
.5  to  .6  per  cent,  is  injurious  because  it  detracts  from  the  brilliancy, 
clearness,  and  transparency  of  the  finished  product.  Magnesia  is  an 
undesirable  constituent,  for  with  it  present  in  the  mixture  of  raw  ma- 
terials more  heat  is  required  to  produce  fusion  and  form  the  silicates 
of  sodium,  potash,  calcium,  etc.,  of  which  glass  is  composed,  than  would 
otherwise  be  necessary. 

The  following  analyses  give  the  composition  of  limestones  actually 
used  in  glass  manufacture.  The  analyses  of  limestone  is  followed  by  an 
analysis  showing  the  composition  of  a  typical  good  glass-sand.  A  com- 
parison of  these  limestone  analyses  with  those  of  some  of  the  limestone 
material  near  Union  Bridge,  and  with  ceriiain  of  the  limestone  occur- 
rences in  the  eastern  Piedmont  and  elsewhere  in  the  State,  shows  that 
limestones  of  a  correct  composition  for  glass-making  may  be  had  in 
Maryland  at  a  number  of  different  localities. 

Analyses  of  Liiostone  and  Sand  Used  in  Glass-Making.* 

Limestone.  Sand. 
A , 

12  3  4  6 

Silica    (SiOJt    8.87  .1.86  1.01  1.01  98.94 

Alumina   (AlA)    1.10  .02  .30 

Iron    (Fe^O,)     59  .20  .IGJ  .0036 

Magnesia  (MgO) 00  .09  .72  Tr. 

Lime    (CaO)    50.53        54.86  54.73  54.45  .40 

CO,   39.70        42.89  42.99  43.55  .23 

1.  Meramec  Quarry  Co.,  Wickes,  Mo. 

2.  Meramec  Quarry  Co.,  Wickes,  Mo. 

3.  Armstrong  Quarry,  Alton,  111. 

4.  Pennsylvania.,  Cf.  Mineral  Industry,  1899,  p.  240. 

5.  Analysis  of  Glass-Sand  used  by  Pittsburg  Plate  Glass  Co. 

♦  Burchard,  E.  F.,  U.  S.  G.  S.  Bull.,  285,  p.  458. 
t  Including  silicates. 
t  FeCO,. 
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Furnace  Linings. 

Dolomite  and  dolomitic  limestone  is  much  used  as  a  material  for  lining 
basic  open-hearth  furnaces.  The  tonnage  required  for  this  purpose  is, 
of  course,  comparatively  small,  but  nevertheless,  the  use  is  an  important 
one  and  requires  a  stone  of  high  quality. 

A  brief  description  of  the  method  of  making  up  these  linings  seems 
necessary  here.  The  substructure  of  the  furnace  having  been  built  up 
of  common  red  brick,  a  permanent  lining  of  basic  brick,  usually  magnesite 
brick,  is  built  in  to  a  thickness  of  from  2  to  3  feet.  On  this  is  then 
tamped  a  working  lining  of  crushed  basic  material,  sometimes  magnesite, 
but  now  generally  dolomite  or  a  mixture  of  the  two.  In  the  older  practice 
it  was  considered  necessary  to  first  calcine  the  crushed  material  to  drive 
oflE  the  carbon  dioidde;  it  was  then  mixed  with  a  small  percentage  of  tar 
or  molasses  and  tamped  into  place  to  a  thickness  of  1  or  2  feet.  At 
present  the  preliminary  calcination  is  quite  generally  omitted,  satisfactory 
results  being  obtained  by  calcination  in  place  of  the  raw  material  mixed 
with  the  proper  proportion  of  binder. 

From  a  purely  technical  standpoint  the  ideal  material  for  both  per- 
manent and  working  linings  is  magnesite,  and  only  the  excessive  cost 
of  this  prevents  its  more  extensive  employment.  While  magnesite  is 
known  to  occur  at  numerous  points  in  this  country,  it  is  only  produced 
commercially  in  California,  and  by  far  the  greater  proportion  of  our 
supply  is  imported  from  Greece  and  Austria.  Dolomite,  on  the  other 
hand,  is  found  in  great  abundance  and  of  great  purity  in  this  country, 
and  hence  has  largely  superseded  the  more  expensive  magnesite. 

The  essential  properties  of  a  satisfactory  open-hearth  furnace  lining 
may  be  stated  as  follows: 

1.  It  must  be  refractory  at  the  highest  temperature  of  the  fum^ace. 

2.  It  must  be  resistant  to  the  corrosive  action  of  slag  and  metal. 

3.  It  must  not  slack  or  otherwise  disintegrate  when  the  furnace  is 
cooled  down. 

4.  It  must  not  crack  when  heated. 
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5.  It  must  have  sufficient  mechanical  strength  to  withstand  the  swash 
of  the  liquid  masses  in  the  furnace. 

6.  It  must  be  fairly  cheap. 

To  meet  conditions  1  and  2  the  stone  must  be  rather  pure,  that  is, 
free  from  silica  and  alumina,  substances  which  act  as  acids  to  the  bases 
of  the  stone,  and  by  the  formation  of  fusible  compounds  lessen  its  re- 
fractoriness. 

To  meet  condition  3  a  stone  high  in  magnesia  is  necessary.  Pure 
magnesite  after  calcination  will  only  slake  (or  combine  with  water  with 
the  formation  of  a  hydrate  and  consequent  expansion  and  disintegration) 
with  exceeding  difficulty.  Lime,  on  the  other  hand,  slakes  very  rapidly, 
and  hence  gives  a  lining  of  poor  durability.  Calcined  dolomite  stands 
between  lime  and  magnesite  in  this  respect  and,  therefore,  cost  con- 
sidered, makes  the  most  satisfactory  lining. 

A  stone  suitable  for  lining  basic  open-hearth  furnaces  should  fill  the 
following  specifications  as  to  composition: 

Per  cent. 
Silica  (SiO,)  under 1.00 

Aluminum  and  Iron  Oxides  (Al,Os,  FesO.)  under 1.50 

Magnesium  Carbonate  (MgCO,) 35.00 

Calcium  Carbonate   (CaCO.) 65.00 

■ 

The  more  nearly  the  stone  approaches  magnesite  (MgCOj)  the  better. 
Dolomite  and  well-burned  dolomitic  limestone  are  more  extensively  used 
than  magnesite  because  they  are  cheaper. 

Analyses  of  limestones  in  actual  use  are  as  follows : 

anino         Ii^n  cuid  Lime  Magnesia        Lobs  on 

oiuca.        alumina.         (CaO).  (MgrO).  larnition. 

1.  Dolomite    0.60  0.78  31.52  20.21  47.10 

2.  Same,    Burnt 1.00  1.80  64.48  32.16  0.56 

3.  Dolomite    1.11  1.35  30.67  20.45 

4.  Dolomite    0.72  0.99  31.15  20.36  

Nos.  1  and  2  furnished  by  courtesy  of  Mr.  G.  F.  Albrandt,  Am.  Rolling  Mill 
Co. 
Nos.  3  and  4  are  limestones  used  by  the  Illinois  Steel  Co. 
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Blast-Furnace  Flux* 


A  very  large  and  important  use  of  limestone  is  as  flux  in  the  iron- 
blast  furnaces  of  the  country.  Approximately  one-fourth  of  the  total 
amount  of  stone  quarried  is  used  for  this  purpose,  and  according  to  the 
statistics  of  the  TJ.  S.  Geological  Survey  17,119,297  tons  were  thus  con- 
sumed in  1907. 

The  value  of  a  limestone  as  a  blast-furnace  flux  is  dependent  on  the 
following  factors: 

1.  Physical  condition,  i.  e.,  freedom  from  dust. 

2.  Purity,  with  respect  to  silica  and  alumina. 

3.  Purity,  with  respect  to  sulphur  and  phosphorus. 

4.  Proportions  of  lime  and  magnesia. 

The  factor  of  physical  condition  is  of  but  minor  importance,  and  in 
the  vast  majority  of  cases  needs  but  slight  consideration.  It  is  only  in 
the  case  of  such  materials  as  marl  and  travertine  that  dusting  becomes 
serious,  and  with  ordinary  limestones  the  variations  in  amount  of  dust 
formed  are  inconsiderable  and  unimportant. 

The  chemical  composition  of  limestone  is,  on  the  other  hand,  of  the 
utmost  importance,  and  in  particular  is  this  true  f  with  respect  to  its 
content  of  silica  and  alumina.  As  the  function  of  the  limestone  in  the 
blast  furnace  is  to  furnish  bases  (lime  and  magnesia)  to  combine  with 
and  flux  the  acidic  impurities  in  ore  and  coke,  it  is  evident  that  its 
efficiency  for  this  purpose  will  decrease  very  rapidly  with  increase  in 
acidic  impurities  in  the  limestone  itself. 

This  decrease  in  available  bases  may  be  readily  calculated,  provided 
we  assume  a  definite  ratio  of  bases  to  acids  in  the  blast  furnace  slag.  In 
practice  this  ratio  is  not  definite  but  varies,  not  only  with  the  kind  of  iron 
which  is  being  made,  but  even  from  day  to  day  in  the  same  furnace. 
However,  the  amount  of  variation  is  not  great,  and  if  technical  and  com- 

•  The  writers  are  indebted  to  John  J.  Porter,  Associate  Professor  of  Metal- 
lurgy at  the  University  of  Cincinnati,  for  the  Analyses  and  Metallurgical 
formulas,  employed  in  the  use  of  limestone  as  a  flux,  etc.,  given  in  this  report 
in  the  following  discussion. 

t  Campbell,  "  The  Manufacture  and  Properties  of  Iron  and  Steel,"  p.  190. 
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mercial,  rather  than  scientific  results  are  desired,  are  absolutely  unim- 
portant. By  the  inspection  of  a  very  large  number  of  slag  analyses,  rep- 
resenting all  sections  of  the  country  and  all  grades  of  iron,  the  ratio  of 
1:1,  or  lime  plus  magnesia  divided  by  silica  plus  alumina  equals  1,  has. 
been  determined  as  a  fair  average  value,  and  this  value  is  used  in  the 
following  calculations. 

Let  A  be  the  per  cent,  of  acids  (Silica  plus  Alumina)  in  the  stone. 
Then  to  flux  these  acids  A  per  cent,  of  lime  plus  magnesia  will  be  re- 
quired, and  %A  per  cent,  of  slag  will  be  formed.  To  convert  lime  into 
lime  carbonate  (CaO  to  CaCOg)  the  factor  is  1.785,  while  if  the  stone 
is  pure  dolomite  containing  40  per  cent,  of  MgCO.,,  the  factor  becomes 
1.911.  As  most  fluxing  stone  runs  under  10  per  cent,  in  MgCOj  it  will 
be  better  to  take  this  conversion  factor  as  1.8.  This  gives  the  percentage 
of  carbonates  utilized  in  fluxing  the  impurities  in  the  stone  itself,  as  1.84 
per  cent.,  wherefore  the  percentage  of  carbonates  in  ihe  stone  available 
for  fluxing  extraneous  material  is  100— (.44-1.84),  or  the  ''available 
carbonates  "  equal  100  —  2.84  per  cent.  This  assumes  that  the  limestone 
is  composed  entirely  of  CaCOa,  MgCOj,  SiOj,  and  AljOj,  which,  while 
not  strictly  true,  is  practically  so,  since  all  other  constituents  seldom  total 
as  high  as  1  per  cent. 

Sulphur  and  phosphorus  are  usually  present  in  limestone  in  minute 
amounts,  but  it  is  but  seldom  that  their  presence  need  cause  concern. 

Sulphur  will  certainly  do  no  damage  if  not  in  excess  of  0.6  per  cent, 
and  can  probably  be  present  in  much  larger  amounts  before  its  bad 
effects  will  become  distinctly  recognizable.  It  is  very  unusual  to  flnd 
over  0.1  per  cent,  in  limestone. 

Phosphorus  is  only  important  if  the  stone  is  to  be  used  in  the  manu- 
facture of  bessemer  iron.  In  this  case  it  becomes  highly  important  and 
should  not  exceed  0.01  per  cent.,  preferably  being  even  lower.  In  making 
other  grades  of  iron,  phosphorus  in  the  stone  would  have  to  reach  at 
least  0.1  per  cent,  in  order  to  deserve  consideration,  whereas,  as  a  matter 
of  fact,  it  is  exceedingly  rare  to  flnd  it  even  as  high  as  0.05  per  cent. 

The  relative  amount  of  lime  and  magnesia  in  the  stone  is  also  im- 
portant, but  in  the  present  state  of  our  knowledge  it  is  next  to  impossible 
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to  make  any  but  the  most  general  statements  as  to  the  proportions  most 
to  be  desired. 

The  smaller  atomic  weight  of  magnesium  (40  as  compared  with  56 
for  calcium)  enables  it  to  combine  with  a  larger  proportion  of  acids  than 
calcium  to  form  a  slag  of  a  given  formula.  For  example,  MgSiO,  con- 
sists of  40  per  cent.  MgO  and  60  per  cent.  SiOj ;  while  CaSiOj  consists 
of  48.28  per  cent.  CaO  and  51.72  per  cent.  SiOj.  This  is  almost  exactly 
offset  by  the  smaller  percentage  of  MgO  in  MgCOj,  47.62,  as  compared 
with  56  per  cent.  CaO  in  CaCOj.  One  pound  of  MgCOj  will  convert 
.2867  pounds  of  SiOj  to  MgSiO,,  whereas  1  pound  of  CaCO,  will  con- 
vert .2896  pounds  of  SiOj  to  CaSiOj. 

The  specific  heat  of  magnesia  is  considerably  greater  than  that  of  lime 
(.224  as  against  .174).  Hence  the  specific  heat  of  magnesia  slags  is 
somewhat  higher  than  in  the  case  of  lime  slags,  and  slightly  greater 
quantities  of  fuel  are  required  to  melt  them. 

Again,  magnesia  has  less  *  affinity  for  sulphur  than  lime,  the  mole- 
cular heats  of  formation  of  magnesium  sulphide  and  calcium  sulphide 
being  79,400  and  94,300  calories,  respectively.  This  means  that  a  mag- 
nesia slag  is  less  efficient  in  removing  sulphur  than  a  lime  slag,  and 
that,  other  things  being  equal,  a  more  basic  slag  will  be  needed  in  the 
case  of  dolomite  than  if  all  limestone  were  used.  It  should,  perhaps,  be 
explained  that  the  term  "  a  more  basic  slag  "  is  used  in  its  strict  chemical 
significance,  and  does  not  necessarily  mean  a  higher  percentage  of  mag- 
nesia. For  example,  suppose  the  normal  slag  to  be  CaSiOg,  containing 
48.28  per  cent,  of  CaO,  then  the  magnesia  slag  of  corresponding  basicity 
is  MgSiOs,  containing  only  40  per  cent,  of  MgO.  As  explained  above, 
however,  the  amounts  of  the  carbonates  required  to  produce  slags  of  equal 
basicity  are  the  same  in  either  case,  and  hence  for  the  efficient  removal 
of  sulphur  more  magnesian  stone  will  be  required  than  in  the  case  of 
purer  limestone. 

Practical  experience  in  the  use  of  dolomite  containing  40  per  cent,  of 
MgCO,  indicates  that  the  fuel  consumption  is  not  invariably  higher  in 
spite  of  the  unfavorable  factors  enumerated  above.    This  is  probably  due 

♦Hofman,  Iron  and  Steel. 
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to  the  fact  that  most  magnesian  slags  are^  when  molten^  more  fluid  than 
the  corresponding  lime  slags.  This^  in  many  cases^  results  in  better 
and  more  regular  working  of  the  furnace,  thus  indirectly  accomplishing 
a  counterbalancing  saving  in  fuel. 

It  is  quite  evident  from  what  has  been  said  on  this  subject  that  our 
present  knowledge  of  the  quantitative  effect  of  magnesia  is  very  meager, 
and  that  it  is  impractical  to  consider  it  in  any  numerical  comparison  of 
the  relative  values  of  limestones. 

The  derivation  of  a  rational  formula  or  rule  for  the  exact  valuation 
of  limestones  used  as  furnace  flux  is  of  great  practical  importance,  and 
will  be  attempted  here.  There  are  so  many  variable  factors  which  in  one 
way  or  another  enter  into  such  calculation  that  it  is  obviously  impossible 
to  take  them  all  into  account  and  obtain  a  scientifically  exact  formula  of 
universal  applicability.  Fortunately,  however,  many  of  these  factors 
vary  but  slightly  from  an  average  value,  and  moreover  have  but  a  slight 
quantitative  effect  upon  the  final  results  of  our  calculation.  It  is,  there- 
fore, entirely  satisfactory  from  a  practical  standpoint  to  use  these  average 
values  in  deriving  a  formula  which  will  be  a  suitable  guide  in  estimating 
the  value  of  stone. 

As  will  have  been  gathered  from  the  preceding  discussion,  it  is  neces- 
sary to  base  these  calculations  entirely  on  the  silica  and  alumina  contents 
of  the  stone.  The  eifect  of  physical  condition,  magnesia,  sulphur,  and 
phosphorus  are  as  a  rule  nil,  and  in  the  exceptional  cases  where  they  do 
effect  the  value  the  amount  is  incapable  of  being  determined  by  any 
generally  applicable  rule. 

The  causes  of  tlie  decrease  in  value  of  a  limestone  with  the  increase 
in  per  cent,  of  impurities  may  be  summarized  as  follows : 

1.  Lower  percentage  of  available  bases. 

2.  Cost  of  coke  to  melt  the  extra  slag  formed. 

3.  Increase  in  manufacturing  cost  due  to  decreased  output. 

The  first  of  these  factors,  the  lower  percentage  of  available  bases,  has 
already  been  discussed,  and  it  was  found  that  in  any  impure  stone  the 
available  carbonates  =(100  — 2.8A)  per  cent.,  where  A  is  the  per  cent, 
of  silica  plus  alumina  in  the  stone. 
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The  weight  of  coke  necessary  to  care  for  the  slag  formed  from  the 
impurities  in  the  stone  is  evidently  equal  to  the  weight  of  slag  formed 
times  the  weight  of  coke  necessary  to  melt  a  unit  of  slag.  As  this  weight 
of  slag  is  2A  per  cent,  of  the  weight  of  stone  used,  the  extra  coke  required 
per  ton  of  stone  is  equal  to  24/100  times  the  weight  of  coke  required 
per  ton  of  slag. 

This  weight  of  coke  per  unit  of  slag  may  be  calculated  from  several 
standpoints,  as,  for  example,  by  the  use  of  the  principal  of  critical  tem- 
peratures, from  the  heat-balance  sheet  of  the  blast  furnace,  and  empiric- 
ally from  the  results  of  practice.  The  calculations  are  very  lengthy  and 
involved,  and  the  results  depend  upon  the  magnitude  of  many  variable 
factors,  such  as  the  fusion  point  of  the  slag,  the  specific  heat  of  the  slag, 
the  temperature  of  the  blast,  the  per  cent,  of  the  carbon  reaching  the 
tuyeres,  the  per  cent,  of  moisture  in  the  blast,  etc.,  etc.  In  order  to 
get  an  answer  it  is  necessary  to  give  values  to  these  factors,  and  this  has 
been  done,  selecting  average  values  applicable  to  Northern  and  Eastern 
practice.  The  resulting  answer  comes  out  .136  and  .138  pounds  of  carbon 
per  pound  of  slag  by  two  theoretical  methods,  and  .128  if  worked  out 
empirically  from  the  results  of  practice.  There  is,  therefore,  assumed 
a  carbon  consumption  of  .13  pounds  per  pound  of  slag  to  be  melted,  or 
.1456  short  tons  of  carbon  per  long  ton  of  slag.  The  figures  would 
be  considerably  greater  for  Alabama  practice,  but  for  Northern  practice 
this  value  is  believed  to  be  safe  and  conservative. 

If  G  stands  for  the  extra  coke,  in  short  tons,  required  per  long  ton 
of  stone ;  P  be  the  price  of  this  coke  per  short  ton ;  fc  be  the  per  cent,  of 
fixed  carbon  in  the  coke;  and  A,  as  before,  the  per  cent,  of  acidic  im- 
purities in  the  stone,  then  C=2A  X  .1456//c.  Adding  5  per  cent,  for 
breeze  or  waste  coke,  C=306A/fc.    While  the  cost  of  the  coke  to  care 

for  the  impurities  in  one  long  ton  of  stone  =-    -# 

The  manufacturing  cost  is  also  influenced  by  the  impurity  of  the 
stone  through  the  decreased  output  which  is  caused  by  impure  stone,  the 
output  with  any  given  ores  and  rate  of  driving  being  inversely  propor- 
tional to  the  coke  charged.    That  is,  with  a  given  volume  of  air  blown 
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per  unit  time  a  given  amount  of  coke  will  be  burned  per  unit  time,  hence 
the  larger  the  amount  of  ore  accompanying  this  coke,  or  in  other  words 
the  less  the  proportion  of  coke  in  the  charge,  the  greater  the  output;  or 
the  output  is  inversely  proportional  to  the  coke  consumption. 

Let  M  =  Manufacturing  cost  per  ton  of  iron,  pure  stone  basis. 

C  =  Short  tons  of  coke  to  care  for  impurities  in  one  long  ton  of  stone. 
/  =  Increase  in  manufacturing  cost  per  long  ton  of  stone  due  to  im- 
purities. 
8  =  Long  tons  of  pure  stone  needed  per  ton  of  iron. 
Ck  =  Short  tons  of  coke  used  per  ton  of  iron,  pure  stone  basis. 
A  =  Per  cent,  of  silica  plus  alumina  in  stone. 
P  =  Price  of  coke  per  short  ton. 
fc  =  Per  cent,  of  fixed  carbon  in  coke, 
y  =  Value  of  pure  stone, 
y  =  Value  of  impure  stone. 

Since  the  manufacturing  costs  per  day  are  practically  constant,  the 
costs  per  ton  of  iron  are  equal  to  a  constant  divided  by  the  output,  or 
M :  1/output. 

But  it  has  already  been  shown  that  the  output  is  inversely  propor- 
tional to  the  coke  consumption,  and,  therefore,  M :  CJc,  and  also  M/8 : 
Ck/8. 

In  the  case  of  the  impure  stone  the  manufacturing  cost  per  ton  of 
stone  is  M/S  +  I,  and  the  coke  used  per  ton  of  stone  is  CJc/8-\-C.  There- 
fore, 

M  M  ,  ,   Ck  Ck,^ 

From  this  we  get  I=MC/Ck,  or  as  C  has  already  been  found  to  equal 
.3064 //c,  we  have  I=,dOeMA/fc.  Ck. 

By  combining  these  expressions  for  each  of  the  three  factors  affecting 
the  value  of  any  impure  stone,  an  expression  may  be  obtained  for  the 
value  of  the  stone  as  follows : 

F=7(l.-.0284)-  •306AP--306AfA^ 

JC  JCKjK 

or  condensing 
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Basic  Open^Hearth  Furnace  Flux. 

The  function  of  limestone  in  the  basic  open-hearth  steel  furnace  is 
quite  similar  to  its  function  in  the  blast  furnace.  That  is,  it  i^  used  to 
flux  the  silica  and  alumina  present.  The  value,  therefore,  is  dependent 
on  the  same  factors  as  in  the  case  of  the  blast  furnace,  but  as  the  condi- 
tions are  quantitatively  different,  so  also  the  values  of  these  factors  are 
different. 

As  to  physical  condition,  the  freedom  from  dust  is  of  rather  more  im- 
portance than  in  the  case  of  the  blast  furnace,  any  dust  being  carried 
over  into  the  checkers  and  causing  these  to  deteriorate  very  rapidly. 
However,  no  great  trouble  is  experienced  with  ordinary  stones  in  this 
respect,  and  the  factor  is  of  very  minor  importance. 

The  purity,  with  respect  to  lime  and  magnesia,  is,  as  before,  the 
important  point,  but  even  more  so  now  than  in  the  case  of  the  blast 
furnace.  In  the  basic  open-hearth  furnace,  because  of  the  necessity  of 
removing  phosphorus  and  preventing  the  cutting  out  of  the  basic  lining, 
it  is  necessary  to  carry  an  exceedingly  basic  slag,  the  usual  limits  and 
average  composition  of  which  are  about  as  follows: 

Average  Composition  of  Basic  Open-Hearth  Flux. 

Maximum.  Minimum.  Average. 

Silica  (SIO,)    25.00  10.00  17.00 

Alumina    (A1,0,)    6.00  1.00  3.00 

Iron  Oxide  (Fe,0,) 25.00  10.00  19.00 

Manganese  Oxide   (MnO) . . .  15.00  3.00  6.00 

Lime   (CaO)    50.00  35.00  44.00 

Magnesia  (MgO)    10.00  4.00  6.00 

Phosphoric   Acid    (PA) 15.00  2.00  6.00 

In  this  case  it  is  seen  that  the  average  ratio  of  lime  plus  magnesia  to 
silica  plus  alumina  is  50/20  or  2.5,  so  that  we  have:  Bases  necessary 
to  flux  the  acids  in  the  stone  equals  2.5.4,  or  carbonates  equals  1.8  by 
2.5 A,  and  the  percentage  of  available  carbonates  in  the  8tone=100  — 
1.8x2.6^,  or  =100-4.5^. 

Sulphur  and  phosphorus  are  here  again  of  but  minor  importance. 
Sulphur  should  not  exceed  0.5  per  cent.,  and  phosphorus  0.1  per  cent., 
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but  as  these  impurities  seldom  reach  these  limits  in  commercial  stones 
it  is  rarely  necessary  to  consider  them. 

The  relative  proportions  of  lime  and  magnesia  need  some  consideration. 
A  high  percentage  of  magnesia  is  not  desired  in  the  slag,  as  it  has  a 
poorer  afl&nity  for  sulphur  and  phosphorus  than  the  lime  which  it  re- 
places. However,  magnesia  in  the  form  of  dolomite  is  desired  for  patch- 
ing bottoms,  as  described  under  the  head  of  furnace  linings,  and  used 
in  this  way  portions  of  it  dissolve  in  the  slag,  so  that  it  becomes  a  flux 
aj3  well  as  a  lining.  We  may,  therefore,  value  the  stone  used  for  lining 
as  though  it  were  a  flux,  counting  magnesia  as  equivalent  to  lime,  but 
in  the  flux  proper  it  is  desirable  to  hold  the  magnesia  as  low  as  possible. 

The  derivation  of  a  rational  formula  for  the  valuation  of  limestones 
used  in  basic  open-hearth  practice  is  subject  to  the  same  diflBculties  as  in 
the  case  of  the  blast  furnace,  and  is  gone  about  in  the  same  way.  The 
causes  of  the  decrease  in  value  with  increasing  impurities  are  practically 
the  same,  as  follows: 

1.  Lower  percentage  of  available  bases. 

2.  Cost  of  fuel  to  care  for  extra  slag  fonned. 

3.  Increase  in  manufacturing  cost  due  to  decreased  output. 

4.  Value  of  iron  lost  in  slag. 

The  lower  percentage  of  available  bases  has  already  been  considered 
and  the  percentage  of  available  carbonates  was  found  to  be  100  — 4.5 A. 

The  cost  of  fuel  to  melt  the  extra  slag  formed  is,  of  course,  equal  to  the 
weight  of  slag  times  the  weight  of  fuel  to  melt  a  unit  of  slag  times  the 
cost  of  fuel.  The  weight  of  slag  is  equal  to  .054  (see  average  analyses 
above).  The  fuel  to  melt  the  slag  is  more  difficult  to  calculate.  There 
is  but  little  published  data  on  the  subject  on  which  to  base  calculations, 
and,  as  in  the  case  of  the  blast  furnace,  the  exact  calculation  involves 
innumerable  variables.  However,  based  on  average  practice  we  may 
assume  the  following  conditions: 

Coal  used  contains  8000  pound  calories  per  pound. 

Fifty  per  cent,  of  the  heat  generated  by  the  coal  is  absorbed  in  one 
way  or  another  in  the  furnace  proper. 

Total  heat  in  1  pound  of  molten  slag  equals  600  pound  calories. 
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We  have,  now,  pounds  of  coal  used  per  pound  of  slag  formed  equals: 
Heat  in  1  pound  of  slag,  plus  Heat  to  decompose  carbonates  represented 
by  1  pound  of  slag,  divided  by  Calorific  value  of  coal,  times  .60,  or  = 

500+.44X451+.06X350       .q  ^„^^« 

And,  Cost  of  coal  to  care  for  extra  slag  f ormed=. 18 x. 054 x Price  coal 
per  ton=.0094P. 

The  increase  in  manufacturing  cost  due  to  impurities  is  caused  in  two 
ways. 

Referring  to  the  table  of  slag  analyses  it  will  be  seen  that  each  pound 
of  slag  retains  on  the  average  .19  pounds  of  iron  oxide,  equal  to  .19  x 
66/72,  or  .14  pounds  of  iron,  and  the  output  may  be  regarded  as  being 
decreased  by  this  much  for  every  pound  of  slag  present.  This  decrease 
in  output  is  then  one  source  of  the  increase  in  manufacturing  cost. 

Again,  a  given  amount  of  heat  supplied  to  the  furnace  may  be  regarded 
as  producing  a  certain  weight  of  steel  under  any  given  set  of  condi- 
tions. If  now  one  of  these  conditions  is  altered,  i.  e.,  the  amount  of 
slag  present  is  increased,  some  of  the  heat  will  be  required  to  care  for  this 
slag,  less  will  be  available  for  the  production  of  steel,  and  if  the  heat 
supplied  per  unit  time  be  constant,  the  output  per  unit  time  will  be 
decreased.    This  is  the  second  source  of  increase  in  manufacturing  cost. 

Both  of  these  items  come  out  practically  nil  under  all  ordinary  condi- 
tions of  practice,  but  the  expressions  are  given  here,  chiefly  as  a  matter 
of  interest  They  are  readily  derived  in  a  manner  similar  to  that 
used  in  the  case  of  the  blast-furnace  calculations,  only  assuming  that 
600  pounds  of  coal  are  used  per  ton  of  steel  produced. 

Increase  in  manufacturing  cost  from  decreased  output  due  to  loss  of 

iron  m  extra  slag=itf(^_Q^^^ J. 

Increase  in  manufacturing  cost  due  to  heat  consumption  of  extra  slag 

^      /  36.  A  \ 

^V2,400,000-36.A>S/ 
Where  M  is  Manufacturing  cost  per  ton  of  steel,  pure  stone  basis. 

S  is  Tons  of  stone  used  per  ton  of  steel. 

A  is  Percentage  of  silica  plus  alumina  in  stone. 


Mabylakd  Geologioal  Subvet  249 

Coming  now  to  the  last  item,  value  of  iron  lost  in  extra  slag  formed, 
this  is  equal  to :  Weight  of  slag  per  ton  of  stone,  times  the  per  cent,  of 
iron  in  slag,  times  cost  of  iron;  and  this  expression  reduces  to  .007 AP', 
where  P'  is  the  price  of  iron  (pig  iron  or  scrap)  used,  per  ton. 

Finally,  the  expression  for  the  value  of  any  impure  stone,  neglecting 
increase  in  manufacturing  cost  as  unimportant,  becomes  F'  =  "7(1.00 — 
.045A)  —  .009 AP—. 007 AP'.  The  symbols  used  having  the  same  meaning 
as  before. 

On  the  diagram  (Fig.  16)  the  lower  line  shows  how  rapidly  the  value 
falls  oflf  as  the  impurities  increase.  This  rapid  decrease  in  value  is 
well  recognized  by  practical  steel  men,  who,  therefore,  insist  on  the  very 
highest  grade  of  stone  for  this  purpose.  Specifications  usually  run  about 
this  way: 

Per  cent. 

Silica,  under  1.00 

Alumina,  under  1.50 

Magnesia,  under 5.00 

while  analyses  of  stones  actually  in  use  are  as  follows: 

Ohio.  UUnoit.  Pennsylvania. 

SiO,    0.68  1.15                     .94 

A1,0,    1.53  .81                    .82 

Fe,0,    0.47  .40                    .64 

CaCO,     93.86  97.07                94.73 

MgCO,    4.22  .50                  2.97 

100.76  99.93  100.10 

Limes  and  Cements. 

When  natural  limestones  are  "burned,"  i.  e.,  heated  to  a  temperature 
of  925°  C,  the  chemical  union  of  the  constituents  is  broken  down  and 
the  gaseous  COj  is  driven  oflf.  The  remaining  substance,  CaO,  possesses 
properties  quite  different  from  the  original  stone  which  makes  the  mass 
available  for  many  purposes.  These  properties  depend  upon  the  methods 
of  treatment  employed  and  the  character  and  amounts  of  the  impurities 
contained  in  the  original  rock.  The  products  likewise  differ.  By  suit- 
able processes  the  limestone  by  itself  may  be  changed  to  caustic,  hydrated. 
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or  hydraulic  limes  or  to  natural  cements.  By  the  addition  to  the  lime- 
stone, before  burning,  of  certain  necessary  materials  in  proper  proportions 
the  product  may  be  Portland  cement.  The  following  pages  will  include  a 
full  discussion  of  the  methods  of  burning  and  the  resulting  products, 
including  limes,  natural,  and  Portland  cements. 

BURNING  OF  THE  LIMESTONE.. 

The  fact  that  limestones  when  burned  lose  part  of  their  constituents 
and  acquire  new  and  valuable  properties  was  known  by  the  ancients, 
and  from  their  day  to  the  present  limestones  have  been  burned  in  various 
ways  from  the  crude  heaps  of  wood  and  stone  of  the  pioneers  to  the 
more  complicated  and  permanent  continuous  kilns  of  the  cement  manu- 
facturers. 

The  kilns  in  which  the  limestone,  shell,  or  marl  is  burned  differ  widely. 
The  crudest  method  of  burning  consists  in  arranging  a  pile  of  logs  and 
limestone  so  as  to  admit  air  freely  to  facilitate  the  burning  of  the  fuel 
with  the  limestone,  or  whatever  raw  material  may  be  used. 

The  types  of  kilns  employed  in  lime-burning  vary  both  in  form  and 
construction  all  the  way  from  the  crude  type  just  mentioned  to  kilns 
built  of  solid  masonry  or  constructed  of  boiler  plate  and  lined  on  the 
inside  with  fire-brick.  The  different  types  that  are  in  use  may  be  grouped 
under  two  main  classes: 

Intermittent  kilns. 

Continuous  kilns. 

Intermittent  Kilns. 

This  type  of  kiln  is  one  of  the  more  primitive  employed,  and  since 
each  burning  of  a  charge  constitutes  a  separate  operation  it  is  equally 
as  un-economical  as  it  is  primitive.  There  is  a  great  waste  of  heat.  After 
the  kiln  is  charged  and  burned  the  operator  must  wait  for  it  to  cool. 
When  it  has  cooled  and  the  charge  is  drawn  then  the  kiln  may  be  re- 
charged. Each  time  the  kiln  must  again  be  reheated — a  process  involving 
both  loss  of  time  and  a  waste  of  fuel. 
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The  intermittent  kiln  is  usually  located  on  the  side  of  a  hill,  and  is 
crudely  constructed  of  stone  and  so  situated  that  the  top  is  accessible  for 
charging  the  kiln  and  the  bottom  for  drawing  lime  and  supplying  fuel. 
It  has  obvious  disadvantages ;  yet  in  rural  districts  far  from  the  railroad 
and  with  abundant  and  cheap  fuel,  this  antiquated  type  of  kiln  suffices 
for  the  purpose  for  which  it  is  constructed,  namely,  that  of  supplying 
a  small  and  irregular  demand.  Old  kilns  of  this  sort  can  still  be  seen 
in  farming  regions  in  Maryland,  in  certain  sections  of  the  Piedmont, 
and  are  employed  in  burning  such  lime  as  the  neighborhood  demand 
requires. 

Continuous  Kilns, 

There  are  three  different  types  of  continuous  kilns  in  general  use. 
These  are  (1)  the  vertical  kiln  with  mixed  feed,  where  the  limestone  and 
fuel  are  fed  in  alternate  layers,  and  (2)  the  vertical  kiln  with  separate 
feed,  where  the  limestone  and  fuel  are  not  brought  into  contact,  and 
lastly  (3),  the  chamber  or  ring  kiln. 

The  vertical  kiln  built  of  stone  with  mixed  feed  is  the  type  of  kiln 
most  widely  used  in  Maryland.  First  a  layer  of  coal  and  then  a  layer 
of  limestone  is  fed  in  at  the  top,  the  fire  is  started  at  the  bottom  and 
works  its  way  up.  The  process  of  charging  is  constantly  kept  going,  the 
kiln  being  charged  with  fuel  and  limestone  at  regular  intervals,  and  the 
calcined  product  drawn  out  below. 

The  construction  of  these  mixed-feed  kilns  is  cheaper  than  that  of 
either  the  separate-feed  or  the  chamber  or  ring-kiln,  and  in  this  respect 
has  the  advantage  over  both.  Moreover,  they  are  more  economical  of 
fuel,  and,  for  the  same  size  of  kiln,  they  yield  also  a  larger  product,  but 
the  quality  of  the  lime  is  on  the  whole  of  a  lower  grade  than  that  manu- 
factured in  either  one  of  the  other  types  just  mentioned. 

In  the  mixed-feed  kiln  the  commingling  of  the  fuel  and  stone  results 
in  the  ash  of  the  fuel  being  more  or.less  mixed  with  the  lime.  Also 
a  part  of  the  lime  and  ash  in  the  superheated  portions  of  the  kiln  often 
fuse  and  form  a  clinker  on  the  outside  of  the  burned  lumps.  These 
have  to  be  discarded  as  well  as  a  portion  of  the  product  which  is  dis- 
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colored  by  contact  with  the  fuel.  By  the  use  of  kilns  where  the  fuel 
is  not  in  contact  with  the  stone  the  formation  of  a  clinker  is  avoided  and 
a  better  product  for  building  is  obtained.  The  clinker  that  is  formed 
when  the  limestone  and  fuel  are  in  contact  might  be  used  and  sold,  after 
grinding  it  to  a  powder,  as  hydraulic  material.  Usually  though,  th© 
amount  is  relatively  small  and  it  is,  therefore,  considered  better  to  discard 
it,  casting  it  aside  as  a  more  or  less  unavoidable  waste  product:  unavoid- 
able, that  is,  when  the  continuous-mixed  feed  kiln  is  used,  though  the 
quantity  of  clinker  may  be  reduced  to  a  minimum  by  careful  burning. 
Not  infrequently  the  clinker  lumps  and  under-burned  stone  are  not 
separated  from  the  product  of  the  kiln  and  all  are  put  through  the  pul- 
verizer together,  and  so  the  clinker  and  under-burned  stone  thus  become 
part  of  the  finished  product  with  which  it  is  so  intimately  mixed  and 
forms  so  small  a  proportion  of  the  whole  that  it  is  extremely  diflScult, 
except  by  chemical  means,  to  detect  its  presence.  This  under-burned 
and  ground  limestone  that  forms  the  core  of  the  under-burned  lime 
lumps  when  ground  to  a  powder  for  agricultural  use,  when  the  lime  is 
made  from  a  very  pure  limestone,  is  about  half  as  effective,  weight  for 
weight,  as  the  caustic  lime.  It  reacts  more  slowly,  and  so  its  beneficial 
results  are  not  seen  so  soon. 

Fuel  in  Burning  Lime. 

Theoretically,  112  pounds  of  coal  will  bum  a  ton  of  limestone,  or,  in 
other  words,  it  requires  11  pounds  of  coal  to  calcine  200  pounds  of  lime. 
As  a  matter  of  fact,  in  actual  practice,  it  requires  187  to  375  pounds  of 
coal  to  bum  1  ton  of  limestone,  even  using  the  most  modem  kilns.  The 
upper  limit  is  even  then  generally  exceeded,  being  about  475  poimds 
instead  of  375  pounds.  One  of  the  greatest  economies  that  can  be 
effected  in  the  manufacture  of  lime  is,  obviously,  in  the  prevention  of  a 
wasteful  use  of  fuel. 

The  range  of  cost  to  manufacture  a  ton  of  lime,  which  usually  contain 
about  25  bushels,  each  bushel  weighing  about  80  pounds,  is  in  Maryland 
from  6  to  9  cents  per  bushel,  and  the  selling  price  varies  from  8  to  17 
cents,  depending  on  the  grade  of  lime  and  the  market.    Ten  to  20  cents 
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per  bushel,  rarely  less,  is  the  usual  price  paid  by  farmers  in  Maryland 
who  buy  lime  for  use  for  agricultural  purposes. 

LIMES. 

The  limes  produced  by  the  calcination  of  limestone  vary  according  to 
the  composition  of  the  original  stone  and  the  manipulation  during  or 
subsequent  to  its  burning.  Limestones  of  a  fair  degree  of  purity  when 
burned  yield  caustic  lime  (CaO)  which  has  the  property,  when  mixed 
with  water,  of  combining  with  carbon  dioxide  of  the  atmosphere  to  form 
calcium  carbonate,  thus  returning  to  its  original  composition.  Sub- 
stances which  harden  through  the  process  of  returning  to  the  chemical 
composition  possessed  prior  to  their  burning  or  calcination  are  classed 
as  simple  cements.  In  this  group  are  included  caustic,  magnesian,  and 
hydrated  limes. 

Limestones  carrying  appreciable  amoimts  of  argillaceous  impurities, 
namely,  silica,  alumina,  and  iron,  when  burned,  undergo  chemical  changes 
by  which  the  impurities  unite  with  the  lime  to  form  new  complex  com- 
pounds. The  products  resulting  from  the  formation  of  new  compounds 
are  classed  as  complex  cements.  In  this  group  are  included  natural  and 
Portland  cements.  In  classification  hydraulic  limes,  which  are  made 
from  limestone  containing  more  lime  than  necessary  to  combine  with 
the  contained  impurities,  may  be  grouped  between  the  simple  and  com- 
plex cements. 

The  discussion  of  the  following  pages  naturally  divides  itself  into 
descriptions  of  caustic,  magnesian,  and  hydrated  limes;  hydraulic  limes 
and  natural  cement.  The  discussion  of  Portland  cement,  which  involves 
the  addition  of  other  raw  materials  to  the  limestone  before  burning,  is 
reserved  for  subsequent  treatment. 

According  to  the  character  and  quantity  of  impurities  in  the  burnt 
product,  limes  are  classified  as 

1.  Caustic  limes. 

2.  Magnesian  limes. 

3.  Hydrated  limes. 
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Caustic  Lime. 

When  a  lime  contains  from  5  to  10  per  cent,  of  impurities  it  is  known 
and  marketed  as  caustic  or  high  calcium  lime. 

The  reaction  that  takes  place  as  the  result  of  raising  the  temperature 
of  limestone  to  the  point  of  decarbonation  may  be  expressed  by  the  fol- 
lowing formula  in  which  the  carbon  dioxide  (COg)  of  the  second  part 
'  of  the  equation  passes  oflE  into  the  air,  leaving  calcium  oxide  or  "  quick 
lime  *'  in  the  kiln. 

CaCOg + heat = CaO  +  CO  j. 

A  considerable  amount  of  this  heat  is  released  when  water  is  added 
to  caustic  lime  and  it  goes  through  the  process  of  "  slaking."  The  water 
combines  with  the  lime  to  form  hydrated  calcium  oxide  or  slaked  lime, 
which  has  the  formula  Ca(0H)2.  Exposed  to  the  atmosphere  the 
hydrated  lime  gradually  takes  up  carbon  dioxide  forming  according  to 
the  equation  Ca(0H)2+C02=CaC08  +  H20  calcium  carbonate  and 
water.  The  water  evaporates  while  the  calcium  carbonate  remains, 
cementing  the  surface  of  the  now  hydrated  lime,  and  thus  retards  the 
recarbonation  of  the  whole. 

In  preparing  mortars  a  certain  amount  of  sand,  etc.,  is  added  to 
lower  the  cost  and  increase  the  volume  and  prevent  shrinking  as  it  dries. 
It  has  been  suggested  that  a  small  portion  of  the  sand  combines  with 
lime  and  forms  silicates,  but  it  is  very  doubtful  whether  this  is  the  case. 
Examinations  of  old  mortars  have  shown  that  their  extra  hardness  is 
probably  due  almost  entirely  to  more  complete  recarbonation,  and  only 
in  a  subsidiary  way  to  the  formation  of  silicates.* 

If  calcium  silicate  is  formed  from  the  combination  of  lime  and  the 
silica  added  as  sand,  it  takes  place  very  slowly,  the  per  cent,  of  calcium 
silicate  formed  increasing  with  the  age  of  the  mortar,  as  was  shown  by 
the  analyses  which  were  made  by  Petzhold  on  mortars  100  to  300  years 
in  age.  lime-cement  mortars  are  being  used  largely  at  present,  and 
by  many  architects  and  builders  are  preferred  to  any  other  sort,  because 
their  hardening,  is  not  surficial,  like  the  lime-sand  mortars,  but  uniform 

♦  Buchler.  H.  A.    Lime  and  Cement.  Mo.  Geol.  Survey,  Vol.  VI,  p.  35. 
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throughout  the  mass.  The  lime-cement  mortars  are  also  stronger,  more 
durable,  and  less  likely  to  crack.  The  lime-cement  mortar  is  obtained 
from  mixing  equal  parts  of  cement  and  hydrated  lime.*  Lime-cement 
mortars  are  also  water-proof,  and  hence  hydrated  lime  is  often  used  in 
cement  mortars  to  make  them  water-proof.  Lime-cement  mortars  trowel 
more  smoothly  than  do  cement  mortars  alone. 

Magnesian  Lime. 

Limes  containing  more  than  5  to  10  per  cent,  of  MgO  are  classified 
as  magnesian  limes.  The  per  cent,  of  magnesia,  however,  in  a  large  pro- 
portion of  the  commercial  magnesian  limes  is  generally  much  higher  than 
10  per  cent.,  ranging  from  10  per  cent,  upwards  to  41.65  per  cent., 
the  higher  limit  being  the  per  cent,  of  magnesia  present  in  a  lime  made 
from  burning  a  pure  dolomite.  When  the  lime  contains  from  10  to  20 
per  cent.  MgO  the  term  dolomitic  lime  is  more  suitable  and  more  com- 
monly applied  than  the  term  magnesian  lime. 

The  content  of  magnesium  oxide  in  magnesian  limes  produces  several 
noticeable  effects  which  may  be  briefly  stated.  When  water  is  poured  on 
magnesian  limes  they  not  only  slake  more  slowly  but  also  give  off  less 
heat  than  the  caustic,  fat,  or  high-calcium  limes.  Tho  magnesian  limes 
are  made  in  the  same  way  as  caustic  limes,  except  that  less  heat  is  re- 
quired for  calcination.  Also  they  expand  less  and  set  more  rapidly  than 
the  high-calcium  limes,  and  under  certain  conditions  of  burning  have 
hydraulic  properties.  This,  however,  appears  to  be  due,  as  in  the  case 
of  the  burned  products  derived  from  magnesites,  to  the  formation  of 
hydroxides  in  the  place  of  carbonates.  They  also  have  hydraulic  prop- 
erties, but  due  to  another  cause  when  they  contain  sufficient  impurities 
in  the  form  of  silica,  iron,  and  alumina,  and  in  this  latter  case  the 
burned  product  is  discussed  and  classified  with  the  complex  cements, 
which  are  considered  later. 

Hydrated  Lime. 

Hydrated  lime  is  obtained  by  treating  caustic  lime  with  water  which 
combines  with  the  lime  to  form  Ca(0H)2.     The  following  chemical 

♦  Buehler,  H.  A.    Lime  and  Cement,  Mo.  Geol.  Survey,  Vol.  VI,  p.  24. 
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Caustic  Lime. 

When  a  lime  contains  from  5  to  10  per  cent,  of  impurities  it  is  known 
and  marketed  as  caustic  or  high  calcium  lime. 

The  reaction  that  takes  place  as  the  result  of  raising  the  temperature 
of  limestone  to  the  point  of  decarbonation  may  be  expressed  by  the  fol- 
lowing formula  in  which  the  carbon  dioxide  (COg)  of  the  second  part 
'  of  the  equation  passes  oflE  into  the  air,  leaving  calcium  oxide  or  "  quick 
lime  "  in  the  kiln. 

CaCOa + heat = CaO  +  CO^. 

A  considerable  amount  of  this  heat  is  released  when  water  is  added 
to  caustic  lime  and  it  goes  through  the  process  of  "  slaking."  The  water 
combines  with  the  lime  to  form  hydrated  calcium  oxide  or  slaked  lime, 
which  has  the  formula  Ca(0H)2.  Exposed  to  the  atmosphere  the 
hydrated  lime  gradually  takes  up  carbon  dioxide  forming  according  to 
the  equation  Ca(0H)2  +  C02=CaC08  +  H20  calcium  carbonate  and 
water.  The  water  evaporates  while  the  calcium  carbonate  remains, 
cementing  the  surface  of  the  now  hydrated  lime,  and  thus  retards  the 
recarbonation  of  the  whole. 

In  preparing  mortars  a  certain  amount  of  sand,  etc.,  is  added  to 
lower  the  cost  and  increase  the  volume  and  prevent  shrinking  as  it  dries. 
It  has  been  suggested  that  a  small  portion  of  the  sand  combines  with 
lime  and  forms  silicates,  but  it  is  very  doubtful  whether  this  is  the  case. 
Examinations  of  old  mortars  have  shown  that  their  extra  hardness  is 
probably  due  almost  entirely  to  more  complete  recarbonation,  and  only 
in  a  subsidiary  way  to  the  formation  of  silicates.* 

If  calcium  silicate  is  formed  from  the  combination  of  lime  and  the 
silica  added  as  sand,  it  takes  place  very  slowly,  the  per  cent  of  calcium 
silicate  formed  increasing  with  the  age  of  the  mortar,  as  was  shown  by 
the  analyses  which  were  made  by  Petzhold  on  mortars  100  to  300  years 
in  age.  Lime-cement  mortars  are  being  used  largely  at  present,  and 
by  many  architects  and  builders  are  preferred  to  any  other  sort,  because 
their  hardening,  is  not  surficial,  like  the  lime-sand  mortars,  but  uniform 

♦  Buchler.  H.  A.    Lime  and  Cement.  Mo.  Geol.  Survey,  Vol.  VI,  p.  35. 
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throughout  the  mass.  The  lime-cement  mortars  are  also  stronger,  more 
durable,  and  less  likely  to  crack.  The  lime-cement  mortar  is  obtained 
from  mixing  equal  parts  of  cement  and  hydrated  lime.*  Lime-cement 
mortars  are  also  water-proof,  and  hence  hydrated  lime  is  often  used  in 
cement  mortars  to  make  them  water-proof.  Lime-cement  mortars  trowel 
more  smoothly  than  do  cement  mortars  alone. 

Magnesian  Lime. 

Limes  containing  more  than  5  to  10  per  cent,  of  MgO  are  classified 
as  magnesian  limes.  The  per  cent,  of  magnesia,  however,  in  a  large  pro- 
portion of  the  commercial  magnesian  limes  is  generally  much  higher  than 
10  per  cent.,  ranging  from  10  per  cent,  upwards  to  41.65  per  cent., 
the  higher  limit  being  the  per  cent,  of  magnesia  present  in  a  lime  made 
from  burning  a  pure  dolomite.  When  the  lime  contains  from  10  to  20 
per  cent.  MgO  the  term  dolomitic  lime  is  more  suitable  and  more  com- 
monly applied  than  the  term  magnesian  lime. 

The  content  of  magnesium  oxide  in  magnesian  limes  produces  several 
noticeable  eflfects  which  may  be  briefly  stated.  When  water  is  poured  on 
magnesian  limes  they  not  only  slake  more  slowly  but  also  give  off  less 
heat  than  the  caustic,  fat,  or  high-calcium  limes.  The  magnesian  limes 
are  made  in  the  same  way  as  caustic  limes,  except  that  less  heat  is  re- 
quired for  calcination.  Also  they  expand  less  and  set  more  rapidly  than 
the  high-calcium  limes,  and  under  certain  conditions  of  burning  have 
hydraulic  properties.  This,  however,  appears  to  be  due,  as  in  the  case 
of  the  burned  products  derived  from  magnesites,  to  the  formation  of 
hydroxides  in  the  place  of  carbonates.  They  also  have  hydraulic  prop- 
erties, but  due  to  another  cause  when  they  contain  sufficient  impurities 
in  the  form  of  silica,  iron,  and  alumina,  and  in  this  latter  case  the 
burned  product  is  discussed  and  classified  with  the  complex  cements, 
which  are  considered  later. 

Hydrated  Lime, 

Hydrated  lime  is  obtained  by  treating  caustic  lime  with  water  which 
combines  with  the  lime  to  form  Ca(0H)2.     The  following  chemical 

*  Buehler,  H.  A.    Lime  and  Cement,  Mo.  Geol.  Survey,  Vol.  VI,  p.  24. 
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equation  expresses  the  reaction  that  takes  place  between  caustic  lime 
and  water  and  shows  how  this  new  compound^  hydrated  lime^  is  formed : 

CaO(lime)  +H20(water)  =Ca(OH),(lime  hydrate). 

If  the  lime  is  free  from  impurities  the  amount  of  water  necessary  to 
effect  complete  hydration  in  32.1  per  cent,  of  the  weight  of  the  lime. 
A  less  amount  of  water  than  the  theoretical  quantity,  however,  is  required 
to  thoroughly  hydrate  caustic  limes  because  of  the  impurities  that  are 
always  found  in  greater  or  less  quantity  in  all  commercial  limes. 

A  very  small  portion  of  the  lime  manufactured  in  Maryland  is  hydrated, 
though  there  exists  a  very  active  demand  for  lime  of  this  sort.  The  M.  J. 
Qrove  Lime  Company,  of  Frederick,  and  the  Le  Gore  Lime  Company, 
of  Le  Gore,  also  in  Frederick  Coimty,  the  latter  located  on  the  Xorthem 
Central  Railroad,  and  the  former  on  the  Baltimore  and  Ohio  Railroad, 
are  the  only  two  operators  in  Maryland  that  systematically  hydrate  a 
portion  of  their  product  to  ipeet  this  present  and  growing  demand.  Be- 
ginning April  1,  1910,  hydrated  lime  will  be  placed  on  the  market 
by  the  recently  constructed  plant  of  the  Tidewater  Portland  Cement 
Company,  at  Union  Bridge.  To  meet  the  constant  inquiries  made  with 
reference  to  hydrated  lime,  its  manufacture,  chemical  composition,  phys- 
ical appearance,  general  properties,  and  uses  it  has  seemed  advisable  to 
state  the  following  facts: 

Manufacture  of  Hydrated  Lime. — In  preparing  hydrated  lime  on  a 
commercial  scale  three  stages  of  manufacture  are  necessary.    These  are: 

(1)  The  lump  quicklime  must  be  ground  to  a  fairly  uniform  small 
size. 

(2)  The  powder  or  grains  resulting  must  be  thoroughly  mixed  with 
sufficient  water,  when  the  grains  become  a  fine  powder. 

(3)  The  slaked  lime  must  finally  be  sieved  to  separate  out  unhydrated 
lumps  and  cores  from  the  fine  powder. 

Numberless  patents  have  been  issued  to  cover  one  or  more  of  the 
points  above  named,  but  the  general  stages  are  the  same  in  all.  These 
will  now  be  taken  up  separately  and  briefly  discussed. 

Grinding  of  Quicklime. — Although  grinding  is  practiced  at  most  hy- 
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drated  lime  plants,  great  variations  exist  in  the  extent  to  which  it  is 
carried.  In  a  few  plants  the  quicklime  is  simply  crushed  to  about  1- 
inch  sizes,  while  at  others  the  quicklime  is  first  crushed  and  then  reduced 
to  a  powder,  the  greater  portion  of  which  will  pass  a  50-mesh  sieve.  The 
plan  adopted  in  the  most  successful  hydrating  plants  consists  in  crushing 
the  lime  by  means  of  a  pot  crusher  or  Sturtevant  Open-Door  Crusher. 
This  reduces  it  to  pieces  about  ^  inch  and  under.  It  is  well  to  note  here 
that  in  burning  lime  which  is  to  be  hydrated,  it  is  not  necessary  to  employ 
such  a  high  temperature  as  is  ordinarily  used.  Where  lime  is  trans- 
ported in  lumps,  it  is  found  necessary  to  partially  vitrify  the  outside  of 
these  in  order  to  prevent  their  falling  to  pieces  in  the  cars.  Where  the 
lime  is  to  be  hydrated,  however,  this  is  unnecessary,  and  all  that  is  re- 
quired is  to  have  all  of  the  carbon  dioxide  driven  off,  which  may  be 
effected  at  a  temperature  of  less  than  1000°  C. 

Mixing  with  Water. — ^There  are  quite  a  number  of  processes  and  ma- 
chines for  hydrating  lime.  The  only  two,  however,  which  are  used  to 
any  very  great  extent  are  the  Kjitzer  and  the  Clyde.  The  latter  of  these 
two  machines  has  given  entire  satisfaction  when  used  for  hydrating 
magnesian  limes.  With  high  calcium  limes,  however,  the  slacking  takes 
place  very  quickly,  and  for  these  the  Kritzer  process  is  now  being  more 
extensively  employed. 

The  Clyde  process  hydrator  is  a  batch  machine  in  which  a  given  quan- 
tity of  lime,  usually  1  ton,  is  placed,  and  to  this  is  added  the  proper 
quantity  of  water  by  means  of  a  spray.  The  machine  itself  consists  of  a 
revolving  pan  provided  with  plows,  which  stir  up  and  mix  the  water  and 
the  lime.  The  water  is  weighed  and  added  in  a  predetermined  amount 
When  the  operator  judges  the  process  to  be  completed,  the  lime  is  scraped 
from  the  pan  through  an  opening  in  the  center  of  the  pan  into  a  hopper 
below  the  hydrator,  when  it  is  ready  for  sieving. 

The  Kritzer  process  is  a  continuous  one.  The  hydrator  consists  of  a 
number  of  cylinders,  one  over  the  other,  which  are  provided  with  paddles 
revolving  around  a  central  shaft.  The  lime  is  fed  into  the  upper  cylin- 
der in  a  continuous  stream  and  here  water  is  sprayed  upon  it,  the  amount 
being  regulated  by  valves.    The  moist  lime  is  worked  by  the  paddles  and 
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passes  from  the  upper  cylinder  to  the  lower  ones.  When  it  finally  works 
its  way  out  of  the  bottom  cylinder,  it  is  entirely  hydrated  and  dry. 
The  steam  from  the  lower  cylinders  passes  up  through  the  upper  ones 
and  helps  to  hydrate  the  lime. 

The  amount  of  water  to  be  added  in  each  case  is  determined  by  ex- 
perience. The  more  calcium  oxide  the  lime  contains,  the  more  water 
must  be  added. 

Sieving  the  Product. — After  slaking,  the  lime  is  in  the  form  of  a 
very  fine,  light,  fluffy  powder,  all  of  which  will  pass  through  a  very  fine 
sieve.  It,  usually,  contains,  however,  cores  of  unslacked  lime.  These 
latter  constitute  the  siliceous  portions  of  the  limestone,  which  have  been 
partly  vitrified.  They  are  separated  from  the  hydrate  by  sieving.  This 
is  usually  done  by  means  of  an  inclined  screen,  several  forms  of  which 
are  upon  the  market.  In  one  type  the  sieve  oscillates,  in  another  the 
wire  cloth  is  covered  by  small  metal  bands,  upon  which  hammers  fall 
and  bounce  the  material  through.  The  cores  are  often  ground  finely  in 
a  FuUer-Lehigh  mill  and  sold  for  agricultural  lime. 

Packing  the  Product, — Hydrated  lime  is  now  very  conveniently  packed 
in  paper  bags,  and  automatic  sacking  machines  have  been  devised  which 
allow  it  to  be  packed  very  rapidly  in  bags  which  are  pasted  shut  before 
the  lime  is  placed  in  them,  this  latter  being  done  by  means  of  a  valve 
in  the  bag.  These  bags  present  a  square  appearance,  and  not  the  ragged 
end  of  a  hand-tied  bag. 

Cost  of  Equipment. — A  plant  for  the  hydration  of  magnesian  limes, 
having  a  capacity  of  3  tons  per  hour,  can  be  equipped  for  about  $5000. 
This  does  not  include  buildings,  which  would  probably  add  $2000  to  this. 
A  plant  of  double  this  capacity  could  be  built  for  about  $7000,  exclusive 
of  buildings.  The  first  plant  would  require  about  30  H.  P.  and  from  four 
to  five  men,  while  the  second  plant  would  employ  from  six  to  eight  men 
and  require  from  40  to  50  H.  P. 

The  equipment  of  a  plant  for  the  hydration  of  high-calcium  lime  by 
the  Kritzer  process,  having  a  capacity  of  from  4  to  5  tons  per  liour,  would 
cost  $12,000,  to  which  must  be  added  the  cost  of  the  building.     Prom 
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four  to  five  men  would  be  required  for  the  operation  of  the  plant,  and 
about  50  H.  P.  would  be  needed. 

Cost  of  Hydration. — ^Manufacturers  very  often  calculate  that  the  cost 
of  hydrating  lime  is  borne  by  the  increase  in  product,  for  instance,  in 
hydrating  a  ton  of  lime  (2000  pounds)  there  will  be  obtained  from 
2400  to  2600  pounds  of  hydrated  lime. 

Properties  op  Hydrated  Lime. — Hydrated  lime  has  certain  proper- 
ties that  give  it  a  great  advantage  as  a  marketable  product  over  the  un- 
hydrated  or  caustic  lime.    For  example: 

1.  It  will  keep  indefinitely  when  packed  in  barrels  or  sacks  or  even 
paper  bags. 

2.  It  can  be  shipped  by  water  and  can  be  stored  without  danger  of 
causing  fire. 

3.  It  does  not  expand  when  water  is  added  and  consequently  can  be 
packed  and  shipped  in  sacks. 

4.  Its  mortar  shows  less  danger  of  " popping^'  in  the  wall  as  some- 
times occurs  when  incompletely  hydrated  caustic  lime  is  used. 

5.  It  may  be  added  to  cement  either  for  the  purpose  of  water-proofing 
the  latter  or  to  make  a  more  easily  troweled  mortar. 

List  of  References  on  Htdbated  Lime. 

Brigham,  S.  T.  The  manufacture  and  properties  of  hydrate  of  lime.  En- 
gineering News,  Vol.  50,  pp.  177-179.    Aug.  27,  1903. 

Brigham,  S.  T.  Hydrated  lime.  Engineering  News,  Vol.  50,  p.  543.  June 
9,  1904. 

Peppel,  S.  V.  Lime  experiments.  Rock  Products,  Vol.  3,  p.  1,  p.  17.  April- 
May,  1904. 

Warner,  C.  Hydrated  lime.  Engineering  News,  Vol.  50,  pp.  320-321.  Oct 
8,  1903. 

Warner,  C.  Strength  tests  of  mixtures  of  hydrated  lime  and  Portland 
cement.    Engineering  News,  Vol.  50,  p.  544.    Dec.  17,  1903. 

Warner,  C.  Standards  adopted  by  manufacturers  of  hydrated  lime.  En- 
gineering News,  Vol.  52,  p.  220.    Sept.  8,  1904. 

Uses  of  Lime. 

The  foregoing  discussion  of  the  limes  has  been  classified  according 
to  their  composition  and  method  of  manufacture.    In  the  following  pages 
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they  are  considered  according  to  their  uses.    Broadly  speaking  the  uses 
of  lime  may  be  classified  into  four  groups : 

1.  Building  material^  as  mortars  or  building  limes. 

2.  Soil  amendent  or  fertilizer  or  agricultural  lime. 

3.  Chemical  uses. 

4.  Metallurgical  uses  (see  pp.  234-249). 

Building  Limes. — Both  the  caustic  and  magnesian,  or  dolomitic, 
limes  are  used  for  building  purposes.  The  caustic  limes  are  generally 
preferred  because  of  their  quicker  setting  properties,  but  locally  this  is 
not  the  case.  The  magnesian  limes  are  sometimes  preferred  by  reason  of 
the  fact  that  they  possess  the  property  of  setting  more  slowly  than  the 
caustic  limes  and  are  "  cooler  working/*  since  when  water  is  added  they 
slake  more  slowly  and  hence  release  less  heat.  The  fact  that  the  mag- 
nesian limes  are  "  cooler  working  '*  sometimes  results  in  their  being  used 
without  being  completely  slaked,  their  "  cooler  working "  suggesting  to 
the  laborer  accustomed  to  work  with  caustic  limes  a  state  of  complete 
hydration  before  the  hydrating  process  or  slaking  is  completely  finished. 
Limes  that  contain  considerable  quantities  of  silica,  alumina,  and  iron — 
the  argillaceous  limes — are,  however,  not  viewed  with  favor  because  of 
their  hydraulic  properties,  and  because  of  their  iron  content  which  gives 
the  lime  a  dark  color.  There  is  no  reason  though  why  they  could  not 
under  certain  circumstances  be  used  to  advantage. 

Ageicultural  Limes. — ^The  term  "  agricultural  lime  '*  has  come  into 
use  as  a  trade  name,  but  lime  used  for  agricultural  and  lime  used  for 
building  purposes  differ  in  no  way  whatever  that'  can  be  distinguiphed 
chemically.  The  lime  that  is  sold  to  the  farmer  and  the  lime  that  the 
manufacturer  ships  to  the  builder  may  be  used  indiscriminately  for  either 
purpose.  The  term  "  agricultural  lime,**  however,  is  sometimes  appliied 
to  building  lime  that  has  been  either  air  or  water  slaked.  The  same  term 
is  used  also  in  reference  to  the  quality  of  the  stone  from  which  the  lime 
is  derived,  and  further  in  reference  to  the  inferior  quality  of  the  product. 
Thus  a  lime  which  would  not  be  acceptable  to  tlie  builder  might  neverthe- 
less be  profitably  employed  for  4igricultural  purposes  by  the  farmer.  But 
the  farmer  is  almost  as  particular  about  the  grade  or  quality  of  the  lime 
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he  uses  as  the  builder  is,  and  insists  on  a  high-calcium  lime  and  demands 
the  same  product  from  the  kiln  that  the  builder  buys. 

Lime  has  been  used  more  or  less  extensively  for  agricultural  purposes 
for  a  very  long  time.  It  is  known  to  have  been  used  on  land  to  some 
extent  before  the  beginning  of  the  Christian  era.  However,  its  more 
extensive  use  in  America  dates  from  the  first  of  the  nineteenth  century. 
Since  then  the  practice  of  applying  lime  to  soil  has  become  very  common 
and  its  value  in  improving  the  productiveness  of  the  soil  is  well  recognized. 
It  has  been  shown  not  only  to  add  to  its  productivity,  but  also  when  used 
in  connection  with  other  fertilizers  to  actually  lessen  the  total  cost  of 
fertilization.* 

At  present  a  very  large  proportion  of  the  lime  manufactured  is  used 
by  those  engaged  in  agricultural  pursuits.  Especially  is  this  true  as  to  a 
great  and  increasing  number  of  the  farmers  of  Maryland,  among  the 
more  educated  and  intelligent  of  whom  liming  the  land  is  rightfully 
regarded  as  an  absolute  necessity. 

Until  within  a  comparatively  recent  period  the  chemical  and  physical 
effects  on  the  soil  resulting  from  applications  of  lime  have  been  but 
slightly  studied  and  very  little  understood.  Investigations  that  have  been 
carried  on  have  shown  that  lime  in  itself  is  of  little  value  except  as  an 
indirect  fertilizer. 

When  a  soil  is  treated  with  lime  the  latter  imites  with  other  substances 
in  the  soil  and  compounds  are  formed  which  have  an  important  influence 
on  the  fertility  of  the  land.  Alumina  and  silica  are  the  two  principal 
clay  substances,  and  lime  unites  with  these  to  form  double  silicates.  The 
double  silicates,  in  which  lime  replaces  part  of  the  alumina,  have  also 
an  affinity  for  and  combine  with  ammonia,  potash,  and  soda.  The  soda 
replaces  the  lime,  which  in  turn  may  be  replaced  by  potash  or  ammonia. 

Lime  also  reacts  with  the  potash  feldspar  fragments  that  may  occur 
in  the  soil,  releasing  the  potash  which  then  combines  with  the  double 
silicates  of  alumina,  thereby  becoming  available  as  a  plant  food.    Lime 

♦  Md.  Agric.  Exp.  Station,  BuH.  110. 
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reacts  with  manures  and  organic  compounds,  and  promotes  the  formation 
of  ammonia  and  double  silicates.  If  the  manure  is  applied  too  abund- 
antly a  great  part  of  the  ammonia  is  driven  off  and  lost,  and  much  of 
the  organic  matter  is  destroyed. 

Phosphoric  acid,  combined  with  iron  and  alumina,  is  potential  as  a 
plant  food,  but  in  this  form  is  inert.  When,  however,  these  phosphates 
of  iron  and  alumina  come  in  contact  with  lime  reactions  residt  which 
make  the  contained  phosphorus  immediately  available  for  plant  con- 
sumption. Lime  is  further  of  value  in  neutralizing  the  organic  acids. 
These  acids  result  from  the  decomposition  of  plants  of  all  sorts.  They 
occur  on  both  wet  and  dry  soils,  but  are  developed  chiefly  on  the  former. 
The  presence  in  the  soil  of  a  large  amount  of  these  "  humic  "  or  organic 
acids  is  especially  favorable  for  the  growth  of  many  coarse  and  unde- 
sirable plants.  On  the  other  hand,  they  seriously  interfere  with  the 
growth  of  nitrifying  ferments  and  hinder  also  the  development  of 
leguminous  and  a  great  number  of  other  useful  plants.  A  slight  amount 
of  acidity  of  the  soil,  however,  is  considered  not  undesirable,  but  to 
correct  any  excess  of  it  lime  is  probably  the  best  and  most  economical 
substance  that  could  be  used. 

The  chemical  reactions  that  take  place  between  lime  and  the  con- 
stituents of  the  soil  result  in  some  very  important  physical  changes.  This 
is  particularly  noticeable  in  soils  which  are  either  very  clayey  or  very 
sandy.  The  clayey  soils  generally  show  a  marked  tendency  to  remain 
cold  and  moist,  to  compact  and  to  harden.  The  sandy  soils,  however, 
are  more  porous,  absorbing  water  with  a  much  greater  avidity  than 
clayey  soils,  but  retaining  it  in  the  form  of  moisture  for  a  much  shorter 
period. 

Lime  when  applied  to  clayey  soils  groups  the  fine  particles  together. 
The  reaction  that  results  in  this  condition  is  known  as  ^"  flacculation.** 
The  soil  becomes  more  porous  and  friable.  Openings  occur  which  not 
only  permit  the  freer  descent  and  absorption  of  water  by  the  soil,  but 
also  augment  the  passage  of  moisture  upward  by  capillarity.  Be.sides 
this  these  new  and  enlarged  openings  allow  an  increased  passage  through 
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the  soil  of  both  heat  and  air,  thus  promoting  nitrification  and  bringing 
about  a  more  comfortable  environment  for  the  growing  plants. 

When  lime  is  added  to  sandy  soils  the  object  is  not  to  create  better 
conditions  for  nitrification  but  to  bring  about  reactions  between  the 
lime  and  the  constituents  of  the  soil  whereby  new  and  better  physical 
conditions  for  plant  life  are  brought  about.  A  short  distance  below  the 
surface  a  more  or  less  impervious  layer  forms  what  is  known  as  a  "  hard- 
pan.'*  This  arrests  the  too  free  passage  of  water  downward.  Lime  on 
sandy  soils  has,  therefore,  a  cementing  action.  The  silicates  that  are 
formed  hold  the  soil  together,  and  consequently  the  porosity  of  the  soil 
is  diminished.  Hence  the  soil  will  then  absorb  somewhat  less  water,  but 
what  it  does  absorb  it  will  retain  in  the  form  of  moisture  for  a  much 
longer  period  than  in  the  more  porous  state  that  existed  before  the  appli- 
cation of  lime. 

The  physical  changes  resulting  from  the  chemical  reactions  between 
lime  and  the  constituents  of  dominantly  sandy  soils  is  thus  seen  to  be 
quite  the  reverse  from  that  taking  place  between  lime  and  the  constituents 
of  clayey  soils.  In  sandy  soils  the  ratio  of  iron  and  alumina  to  silica  is 
very  different  from  this  same  ratio  in  clayey  soils,  and  hence  compounds 
are  formed  in  the  one  case  that  are  physically  very  different  from  those 
of  the  other. 

The  condition  of  the  crops  more  than  anything  else  determine  whether 
the  land  needs  an  application  of  lime,  and  numerous  easy  methods  have 
been  proposed  for  determining  its  necessity,  but  none  of  them  are  very 
reliable.  A  simple  test  that  is  probably  as  good  as  any  is  to  wet  a 
sample  of  the  soil  and  bring  in  contact  with  a  piece  of  blue  litmus  paper. 
If  this  turns  red  very  rapidly  it  is  an  indication  that  the  soil  contains  a 
considerable  amount  of  acid  and  would  be  benefited  by  an  application  of 
lime. 

The  residual  soils  of  limestone  regions  are  often  as  much  in  need  of 
applications  of  lime  as  the  soils  derived  from  other  and  more  acid  rocks, 
such  as  sandstones  or  shales.  This  is  because  in  time  the  original  lime 
in  the  soil  is  dissolved  and  leached  out  by  descending  carbonate  waters. 
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leaving  the  soil  cherty,  siliceous,  and  fermginoTis,  and  greatly  diminished 
in  productivity. 

There  is  no  little  difference  of  opinion  among  farmers  on  the  question 
of  liming  land.  The  great  majority  of  them,  however,  have  been  con- 
vinced of  its  beneficial  effects  by  resulting  increased  yields  in  their  crops. 
Some  of  them  think  that  the  lime  should  be  applied  in  large  quantities 
and  at  intervals  of  several  years,  and  others  are  of  the  opinion  that 
better  results  are  obtained  by  using  smaller  amounts  and  making  more 
frequent  applications.  The  amount  used  per  acre,  either  in  the  case 
of  small  and  frequent  applications,  or  where  the  farmer  applies  large 
amounts  at  intervals  of  a  period  of  years,  vary  in  different  sections.  This 
is  due  to  a  small  extent  to  the  custom  of  the  neighborhood,  but  more 
especially  and  frequently  it  is  because  of  the  differences  existing  between 
the  soils  of  the  separate  sections. 

Investigations  that  have  been  carried  on  and  are  still  in  progress  at 
agricultural  experiment  stations  in  different  parts  of  the  XTnited  States 
to  determine  the  amount  of  lime  that  should  be  applied  per  acre  and  the 
intervals  at  which  the  land  should  be  limed,  point  to  the  fact  that  the 
best  results  are  obtained  by  the  application  of  small  amounts  at  frequent 
intA^als.  The  old  idea  that  an  acre  should  be  treated  with  100  bushels 
of  lime  at  long,  instead  of  with  smaller  amounts  at  frequent,  intervals 
has  been  shown  to  be  a  mistaken  one.  It  has  been  demonstrated  that 
the  crops  are  more  benefited  by  applications  of  small  amounts  made 
annually  than  by  large  amounts  applied  every  three  or  four  years.  Also, 
it  is  now  generally  recognized  that  a  single  application  to  poor  and  sandy 
soils  should  be  small,  and  that  the  applications  should  be  made  annually. 

As  to  the  number  of  bushels  of  lime  and  frequency  of  application  some 
very  interesting  and  instructive  results  are  presented  in  the  Maryland 
Agricultural  Experiment  Station  Bulletin  No.  110  (p.  9).  These  re- 
sults are  tabulated  in  the  table  which  is  quoted  below.  It  is  very  clearly 
brought  out  that  20  bushels  of  lime  to  the  acre,  applied  annually,  is 
proportionately  more  effective  when  the  cost  of  the  lime  and  results  are 
considered  than  applications  of  50  to  60  bushels. 
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Value  of  Grains  Pboduced  pes  Acbe  with  Different  Quantities  of  Lime. 

(In  Dollars  and  Cents.) 

si  -E         oo  oi  oi  Value  of  jrain  «  ^g 

5  gS        eS  SS  SS  of  corn,  raw.  "^B  «« 

?a  ^"S  St^fi  «^^'  S>-»>S  3  <P«^  S3te  ^te 

§  2  5g3       5ffl       B^t        B^  ?|  5  S- 

1 10  1.80         2.88        3.06        7.45        3.28        0.09         16.16        14.36 

2   20  3.60        2.79        4.59         6.78        4.60        0.54         19.30         15.70 

O       •  ■  •  ■  UwXXw  ••  ••  •«  ••  ■«  •■•  ■•••  •••• 

4 30  5.40         2.85         5.49         5.97        8.12         0.72         17.97         12.57 

5   40  7.20         3.24         8.37         6.55         3.80        0.45        22.41        15.21 

w        •  •  •  •  aXvUxS  ••  ••  ••  ••  •■  ••  •■■•  •■•• 

7   50  0.00        3.75        7.56         5.60         5.12         0.63        22.66         13.66 

8   60        10.80        4.05        8.91         6.37         6.16         0.99         26.48        15.68 

A  number  of  different  kinds  of  lime  are  "used  for  agricultural  purposes. 
These  are  (1)  high-calcium  limes,  (2)  magnesian  limes,  (3)  oyster-shell 
lime,  and  (4)  slaked  or  hydrated  lime. 

A  high-calcium  lime  is  made  from  burning  a  limestone  analyzing  from 
50  to  55  per  cent,  calcium  oxide  and  40  to  55  per  cent,  carbonic  acid,  and 
containing  small  percentages  of  magnesia,  silica,  iron,  and  alumina.  A 
lime  derived  from  a  stone  of  this  character  would  yield  90  to  98  per  cent, 
of  calcium  oxide,  and  would  weigh  directly  after  withdrawal  from^  the 
kiln  90  to  95  pounds  to  the  bushel,  and  will  slake  about  3  bushels  for  1 
in  volume. 

Magnesian  limes  used  in  agriculture  run  from  5  to  20  per  cent,  in 
magnesia  and  70  to  85  per  cent,  in  calcium  oxide.  They  weigh  less  than 
the  high-calcium  lime.  A  bushel  of  magnesian  lime  weighs  about  70 
pounds,  and  slakes  about  2  bushels  for  1  in  volume.  Oyster-shell  lime 
weighs  about  60  pounds  to  the  bushel  and  contains  from  85  to  95  per 
cent,  of  CaO. 

Chemical  Uses  of  Lime. — Lime  is  used  in  chemical  processes  either 
unslaked  as  it  comes  from  the  kilns,  or  slaked  to  the  hydrated  form  when 
it  is  used  either  dry  or  mechanically  suspended  in  water  as  "milk  of 
lime."  It  is  also  used  in  solution  as  lime  water  to  a  small  extent.  In 
all  cases,  except  the  manufacture  of  caustic  alkalies,  a  magnesium-pure 
calcium-rich  lime  is  preferred. 
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Unslaked  Lime, — ^Unslaked  lime  is  used  for  the  manufacture  of  cal- 
cium carbide  and  cyan  amide  and  as  a  cleansing  or  refining  agent  in  the 
manufacture  of  glue  and  sugar,  in  the  tanning  of  hides,  and  in  the  dyeing 
of  textile  fabrics.  Calcium  carbide  is  obtained  by  fusing  a  mixture  of 
unslaked  lime  and  carbon,  in  the  form  of  coke  or  charcoal,  in  an  electric 
furnace.  The  process  demands  considerable  electrical  current  compared 
with  the  value  of  the  product,  and  is  usually  limited  to  localities  where 
abundant  waterpower  warrants  the  erection  of  large  hydro-electrical 
plants.  Calcium  carbide  is  used  in  the  making  of  acetylene  gas  and  in 
the  preparation  of  cyan  amide.  Cyan  amide  or  "lime  nitrogen"  is 
manufactured  by  the  use  of  either  calcium  carbide  or,  what  in  the  end 
amounts  to  the  same  thing,  a  heated  mixture  of  lime  and  coke,  over  which 
is  passed  nitrogen  gas  obtained  from  liquid  air.  All  the  steps  in  the  pro- 
cess by  which  this  substance  is  made  have  been  patented  since  cyan  amide 
bids  fair  to  become  one  of  the  most  important  fertilizers  in  the  market. 
It  can  also  be  used  in  the  manufacture  of  ammonia. 

Lime  unslaked,  or  hydrated  in  the  form  of  "milk  of  lime,*'  has  the 
power  of  dissolving  certain  organic  tissues,  thereby  disintegrating  parti- 
cles of  flesh,  and  of  absorbing  fatty  substances  and  oils  with  saponifica- 
tion. This  renders  the  material  valuable  iu  the  preparation  of  glue  and 
the  tanning  of  hides.  Olue  is  manufactured  from  raw  materials,  chiefly 
slaughter-house  and  fishery  refuse,  which  has  been  treated  with  lime  for 
a  period  of  six  weeks  to  several  months  to  remove  the  oils,  flesh  and 
blood,  and  to  soften  the  more  resistent  tissues  and  marrow.  Lime  is  also 
used  in  the  early  stages  of  the  tanruing  processes  where  the  hides  are 
"  limed  *'  to  saponify  the  fats  and  break  down  the  particles  of  flesh  adher- 
ing to  the  skin.  The  lime  also  attacks  the  epidermis  of  the  hides  and  is 
very  serviceable  in  loosening  the  hair  and  softening  or  "  plumping  '^  the 
leather.  Lime  is  also  used  in  the  manufacture  of  sugar  when  the  so- 
called  ^cond  molasses,  containing  about  40  per  cent,  sugar,  is  treated 
with  quick-lime  to  produce  an  insoluble  tricalcium  sucrate  which  may  be 
filtered  off  and  subsequently  decomposed  with  carbon  dioxide  yielding 
calcium  carbonate  and  a  solution  of  sugar.  This  process  is  particularly 
used  in  beet-sugar  refining. 
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Slaked  Lime. — Slaked  lime  is  used  dry  in  the  preparation  of  bleaching 
powder,  or  chloride  of  lime,  which  is  largely  demanded  in  the  industries 
or  as  a  disinfectant.  The  slaked  lime  is  placed  in  leaden  vats  and  treated 
with  chlorine  gas.  The  use  of  slaked  lime  suspended  in  water  in  the 
form  of  minute  particles — milk  of  lime — is  perhaps  the  most  commonly 
employed  form  in  chemical  industries.  In  this  form  it  is  used  in  the 
manufacture  of  ammonia,  caustic  soda  and  potash,  the  purification  of 
water,  the  refinement  of  sugar,  and  also  in  tanning  and  other  industries. 
Ammonia  is  produced  as  a  by-product  in  the  manufacture  of  coal  gas 
from  coke  furnaces  and  of  water  gas,  obtained  by  the  passing  of  steam 
over  heated  anthracite  with  subsequent  enrichment  by  the  addition  of 
oil.  The  gases  thus  obtained  are  washed  to  remove  ammonia  and  tarry 
matters.  The  ammoniacal  liquors  are  distilled  to  obtain  the  free  am- 
monia and  then  treated  with  lime  to  break  down  the  ammonium  com- 
pounds, such  as  ammonium  sulphate,  thereby  releasing  the  additional 
ammonia.  Lime  is  also  used  in  gas  manufacture  to  absorb  any  sulphur 
or  excess  of  carbon  dioxide  in  illuminating  gas.  The  caustic  alkalies, 
soda  and  potash,  are  made  by  the  treatment  of  sodium  and  potassium 
carbonate  with  milk  of  lime,  caustic  soda  and  caustic  potash  being 
formed  with  a  precipitation  of  calcium  carbonate.  This  is  one  of  the  few 
processes  in  which  lime  is  used  where  it  is  not  necessary  to  employ  a  lime 
low  in  magnesia.  It  even  becomes  advisable  at  times  to  use  hydrate  of 
magnesia  rather  than  hydrate  of  lime,  or  a  mixture  of  the  two,  since  it  is 
particularly  serviceable  in  the  manufacture  of  caustic  potash.  In  the 
purification  of  water  calcium  hydroxide,  or  the  hydrate  of  lime,  is  used 
to  free  the  water  from  the  soluble  calcium  bicarbonates.  According  to 
the  action  which  takes  place  all  of  the  lime  is  precipitated  in  the  form  of 
calcium  carbonate,  thereby  softening  the  water.  Milk  of  lime  is  also 
used  to  defecate  the  sugar  extract  in  the  early  steps  of  the  sugar  refining, 
the  action  resulting  in  the  neutralization  of  the  organic  acids  and  the 
coagulation  of  the  albumen  and  mucus. 

Hydrate  of  lime  is  also  used  in  the  manufacture  of  the  finer  qualities 
of  glass  in  place  of  the  pure  limestones  in  order  to  do  away  with  any 
possible  ribboning  of  the  glass  through  the  movement  of  the  escaping 
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carbon  dioxide  through  the  molten  glass.  Care  must  be  used  to  avoid 
possible  variations  in  the  composition  of  the  calcined  product,  due  to 
partial  hydration  or  contamination  from  the  ash  from  the  kilns. 

Hydraulic  Limes. 

Limestones  containing  appreciable  amounts  of  impurities  sufScient  to 
give  the  calcined  product  hydraulic  properties  but  insuflBcient  to  take  up 
all  the  lime  present  are  classed  as  hydraulic  limes.  They  form  an  inter- 
mediate between  simple  limes  and  complex  cements.  According  to  their 
content  of  clayey  matter  they  may  be  classified  as  hydraulic  limes  or  as 
eminently  hydraulic  limes,  the  latter  including  Grappiers  cements.  Both 
are  feebly  hydraulic  as  compared  with  good  natural  cement  or  with 
Portland  cement.  The  materials  adapted  for  the  manufacture  of  the 
poorly  hydraulic  limes  contain  small  amounts  of  argillaceous  matter  and 
may  be  either  calcareous  or  magnesian,  the  magnesia  present  acting  almost 
interchangeably  with  the  lime.  Usually  tliey  contain  from  45  to  48  per 
cent,  of  lime  and  magnesia,  the  content  of  the  latter  varying  from  a 
trace  to  three-quarters  of  the  per  cent,  of  the  former,  and  4  to  7  per  cent, 
of  iron  and  alumina,  with  5  to  8  per  cent,  of  silica.  On  the  other  hand, 
the  eminently  hydraulic  limes  are  made  from  limestones  that  carry  39 
to  45  per  cent,  of  lime,  13  to  17  per  cent,  silica  with  alumina,  and  iron 
rarely  exceeding  3  per  cent.  The  form  in  which  the  impurities,  espe- 
cially silica,  occur  is  also  important,  the  stone  improving  with  the  degree 
of  dissemination  of  the  free  silica  and  the  increase  in  silicates.  When 
the  silica  is  combined  less  heat  is  required  for  "  burning,*'  and  the  fuel 
cost  is  accordingly  lessened. 

Both  the  hydraulic  limes  and  the  eminently  hydraulic  limes  are  burned 
in  kilns  very  similar  in  type  to  the  continuous  lime  kilns.  The  tempera- 
tures maintained  in  the  kilns  necessary  to  produce  decarbonation  is,  how- 
ever, higher  than  is  required  to  drive  off  the  carbon  dioxide  (COj)  of 
non-argillaceous  limestones.  This  is  due  to  the  presence  in  these  lime- 
stones of  their  characteristic  argillaceous  content,  which  unites  with  a 
portion  of  the  lime  to  form  a  clinker.    The  excess  of  lime  which  remains 
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uncombined  is  both  necessary  and  desirable,  for,  by  the  addition  of  water, 
it  slakes  and  disintegrates  the  siliceous  clinker. 

Compared  with  Portland  cement  or  natural  cement,  both  kinds  of 
hydraulic  limes  are  very  feebly  hydraulic.  They  are  not.  manufactured 
in  Maryland  or  indeed,  so  far  as  the  writers  are  aware,  in  any  part  of 
America,  though  the  materials  for  their  manufacture  certainly  are  not 
lacking.  That,  however,  there  is  a  demand  for  their  use  in  this  country 
is  evidenced  by  the  fact  that  a  considerable  quantity  of  both  hydraulic 
lime  and  Grappier  cements  is  annually  imported  from  abroad,  where 
the  industry  is  one  of  no  little  importance.  La  Farge,  the  well-known 
non-staining  cement,  is  a  Grappier  cement,  and  this  is  largely  imported 
into  America.  It  is  probable,  however,  that  it  will  be  gradually  re- 
placed by  the  white  Portland  cements  now  made  in  this  country.  The 
composition  of  the  eminently  hydraulic  lime,  or  Grappier  cement  rocks, 
vary  in  their  content  of  lime  from  about  45  to  47.50  per  cent.  The 
silica  ranges  from  13  to  17  per  cent.,  and  the  sum  of  the  alumina  and  iron 
rarely  exceeds  3  per  cent.  On  the  other  hand,  the  feebly  hydraulic  lime 
rocks  from  which  the  product  selenitic  lime  is  made  show  a  lower  content 
of  argillaceous  materials.  The  silica  runs  5  to  7.50  per  cent.,  and  the 
iron  and  alumina  from  4  to  7  per  cent.,  with  a  lime  cement  of  40  to  48 
per  cent.  The  composition  of  the  burnt  products  varies,  of  course,  with 
the  kind  of  stone  used,  and  the  analyses  available  show  that  the  feebly 
hydraulic  limes  contain  from  65  to  80  per  cent,  lime,  together  with  some 
magnesia,  and  from  7.5  to  16  per  cent,  silica  with  the  iron  and  alumina 
together  varying  from  6 -f  to  124-  per  cent. 

Hydraulic  and.  Cementation  Index. — The  combination  of  lime  with  the 
argillaceous  impurities  during  burning  produces  a  series  of  chemical 
compounds  in  the  clinker  which  when  gi'ound  give  to  the  powder  the 
property  of  hydraulicity  or  the  power  to  set  upon  the  addition  of  water. 
The  degree  to  which  this  hydraulic  power  is  developed  depends  upon 
the  closeness  of  approach  to  the  complete  transformation  of  the  burnt 
mass  into  certain  definite  relations  with  lime  as  the  base.  Foruierlv  it 
was  thought  possible  to  work  out  an  accurate  classification  of  cements 
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possessing  hydraulicity  based  on  the  ratio  of  the  silica  and  alumina  with 
lime  according  to  the  following  formula : 

HydrauUc  index  =  P??^<'^?*-  ?i'>ca-+-P«';.°?nt--alHmi5?. 

per  cent,  lime 

The  values  obtained  by  the  use  of  this  formula  permit  the  tabulation 
of  limes  and  cements  by  their  hydraulic  indices  as  follows : 

Hydbauuc  Inuex.  Pboduct. 

Less  than  0.10*  Common  lime. 

0.10-0.20  Feebly  hydraulic  limes. 

0.20-0.40  Eminently  hydraulic  limes. 

0.40-0.60  Portland  cement  (if  burned  at  high  temp.). 

0.60-1.50  Natural  cements. 

1.50-3.00  Weak  natural  cements. 

3.00  Puzzolans. 

The  term  hydraulic  index  is  merely  empirical,  and  a  great  many  at- 
tempts have  been  made  to  devise  formulas  which  would  express  in  scien- 
tific terms  the  hydraulic  value  of  limes  and  cements.  This  has  been 
unsuccessful  for  a  number  of  reasons;  chief  of  which  is  the  fact  that 
nearly  all  of  these  materials  owe  their  properties  not  only  to  chemical 
composition  but  also  to  physical  state  and  process  of  manufacture.  Nearly 
all  formulas  have  supposed  that  cements  and  hydraulic  limes  owe  their 
hydraulic  properties  to  definite  chemical  compounds.  The  most  recent 
investigations  which  have  been  made  upon  this  class  of  materials  tend 
to  prove  that  they  are  not  definite  compounds  but  are  what  are  known 
to  physical  chemists  as  solid  solutions,  and  are  similar  in  character  to 
blast  furnace  slags,  steel,  and  alloys.  It  would  seem  better,  therefore,  to 
classify  these  compounds  according  to  their  physical  properties  and 
method  of  manufacture,  rather  than  according  to  their  chemical  char- 
acteristics.   Such  a  classification  would  be  the  following: 

(1)  Common  Lime, — Limes  made  by  burning  relatively  pure  lime- 
stones which,  when  mixed  with  water,  slake  and  show  no  hydraulic 
properties. 

(3)  Hydraulic  Limes. — Limes  made  by  burning  impure  limestones  at 
a  low  temperature  which  slake  with  water,  but  which  show  hydraulic 
properties. 

♦  Eckel,  E.  C.    Cements,  Limes,  and  Plasters,  p.  169. 
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(3)  Natural  Cements. — Cements  which  are  made  by  burning  impure 
limestones  at  a  low  temperature  (insuflScient  to  vitrify)  which  do  not 
slake  with  water,  but  require  to  be  ground  in  order  to  convert  them 
into  a  hydraulic  cement. 

(4)  Portland  Cement. — Hydraulic  cements  which  are  made  by  heating 
to  incipient  vitrification  a  mixture  of  argillaceous  and  calcareous  sub- 
stances, which  product  does  not  slake  with  water,  but  upon  grinding 
forms  an  energetic  hydraulic  cement. 

(6)  Puzzolan  Cement, — Cements  which  are  formed  by  incorporating 
slaked  lime  with  a  finely  ground  slag  or  volcanic  ash. 


Diagram  of  Limes  and  Cements. 


Raw 
materials. 


Made  from  rela- 
tively pure  lime- 
stoneB. 


Made  from  argil- 
laceous or  Impure 
limes  tones. 


Made  from  an  in- 
timate mixture  of 
arflrlllaoeous  and 
calcareoun  sub- 
stances in  proper 
proportions. 


Made  from  mix- 
tures of  slaked 
lime  and  blast  fur- 
nace slag  or  vol- 
canic ash. 


Chemical 
treatment. 


Burned   at   low 

temperatures. 

flOOO-1200oc. 


Burned  at  high 
temperaturi'S, 
2800^30000  0. 


Not  burned. 


Mechanical 
treatment. 


Slake  on  addition 
uf  water  to  burn- 
ed product. 


Do  not  slake  on 
addition  of  water 
but   must   be 

?  round   finely 
or  use. 


Hydraulic 
or  not. 


Not  hydraulic. 


Hydraulic. 


Classification. 


1.  Common 


limes. 


2.  Hydraulic 

limes. 


8.  Natural 
Roman  or 
Kosendale 
cement. 


4.  Portland 

cement. 


6.  Slag  or  puzzo- 
ian  cements. 


Natural  Cements. 

Grouped  under  the  name  of  natural  cements  are  those  products  result- 
ing from  burning  and  subsequent  grinding  of  the  natural  mixtures  of 
calcium  carbonate  and  clay  found  in  the  form  of  clayey  or  argillaceous 
limestone.  Such  limestones  may  be  recognized  in  the  field  by  the  char- 
acteristic clayey  odor  that  is  given  forth  when  they  are  breathed  upon, 
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and  on  analysis  in  the  laboratory  by  the  fact  that  they  carry  from  13 
to  35  per  cent,  of  clayey  material,  of  which  10  to  22  per  cent  is  silica. 
The  alumina  and  iron  oxide  together  may  vary  from  4  to  16  per  cent.  It 
is  the  presence  of  these  argillaceous  materials  in  the  limestone,  which 
may  or  may  not  also  contain  magnesium  carbonate,  that  give  the  re- 
sulting product  its  hydraulic  properties,  but  it  was  Jong  thought  that  the 
presence  of  magnesia  was  equally  essential.  Experiment  has  shown,  how- 
ever, that  this  is  not  the  case.  Magnesia,  when  present,  acts  almost 
interchangeably  with  the  lime,  and  in  replacing  the  latter  it  is  supposed 
neither  to  add  to  nor  detract  from  the  hydraulicity  of  the  finished  product. 

RAW  MATERIALS  FOR  NATURAL   CEMENT. 

These  argillaceous  limestones,  from  which  natural  cement  is  made, 
are  widely  distributed  both  geologically  and  geographically.  During  the 
canal-building  period  of  the  countrjr^s  history  they  were  much  sought 
after.  (Certain  of  the  plants  in  Mar^'land  were  started  about  this  time.) 
They  have  been  found  and  manufactured  into  cement  of  more  or  less 
value  in  nearly  every  State  in  the  Union.  At  present,  however,  the  im- 
portant natural  cement-producing  districts  are  comparatively  few.  The 
plants  that  have  flourished  have  been  those  that,  besides  possessing 
abundant  raw  material  of  steady  composition,  located  so  as  to  be  easily 
and  economically  mined  or  quarried,  also  have  been  favorably  situated 
for  cheap  transportation,  and  have  enjoyed  the  advantages  of  a  good 
local  market,  and  further  have  been  able  to  obtain  fuel  at  reasonable 
rates. 

Of  the  65  plants  in  the  United  States,  reported  in  operation  by  the 
U.  S.*  Geological  Survey  in  1903,  three  were  located  in  Maryland. 

An  examination  of  the  analyses  of  the  raw  materials  and  of  the  col- 
lection  of  products  included  under  the  name  of  natural  cements  brings 
out  the  fact  (as  illustrated  by  the  analyses  given  further  on)  that  the 
chemical  composition  of  both  the  natural  cement  rock  and  the  finished 
products  varies  within  very  wide  limits.  It  is  not  surprising,  therefore, 
that  the  finished  products  show  corresponding  differences  both  in  the 
strength,  the  cementation  index,  and  also  the  rate  of  set. 
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In  the  table  of  natural  cement  rocks  below,  there  is  presented  a  series 
of  more  or  less  typical  analyses  of  cement  rocks  from  seven  of  the  more 
important  districts  in  the  United  States. 

Analyses  of  Natubal  Cement  Rock.* 


State 

District 

• 

cr. 

i 

a 

Iron  oxide 

(Fe,0,) 

1 

6 

m 
o 

a 

1 

Iphur  tri- 
oxide  (SOsl 

rbon  diox- 
ide (COsl 

• 

mentation 
index 

■ 

< 

^ 

08 

< 

00 

d 
O 

fc 

Illinois 

Utica 

12.22 

9M 

8.90 

24.40 

10.48 

n.  d. 

n.  d. 

88.4£ 

1 

1.21 

Ind.-K7. 

LouisYille 

9.69 

2.77 

1.96 

29.00 

16.69 

n.  d. 

n.  d. 

40.14 

•  •  •  • 

0.618 

Kansas 

Fort  Scott 

21.80 

8.70 

8.10 

85.00 

8.50 

•  ■  t  • 

•  •  •  • 

83.00 

■  •  •  • 

1.68 

Maryland 

Hancock 

19.81 

7.85 

2.41 

85.76 

2.18 

n.  d. 

n.  d. 

31.74 

1 

1.68 

Minnesota 

Mankato 

10.00 

6.85 

2.78 

22.40 

14.99 

0.76 

n.  d. 

84.11 

•  •  •  • 

L22 

New  York 

Rosendale 

18.52 

6^ 

2.63 

25.81 

12.13 

n.  d. 

0.90 

88.81 

•  •  •  • 

1.43 

Virginia 

Balcony  Falls 

17.30 

6.18 

1.62 

29.54 

13.05 

■  •  •  • 

•  •  •  • 

84.17 

•  «  •  • 

1.18 

Ayerage  17.24     6.06     2.16     28.06     11.61       0.76       0.90     34.96       ....      1.29 

^  Eckel,  B.  C.    Cement,  Limes,  and  Plasters,  Chapter  xviL 

It  will  be  seen  in  looking  over  these  analyses  that  when  an  analysis 
from  one  district  as  compared  with  that  of  another  there  is^  in  certain 
instances^  a  considerable  variation  in  chemical  composition^  and  the 
differences  in  the  cementation  indices  will  also  be  observed.  The  fol- 
lowing analysis  gives  the  average  chemical  composition  of  the  natural 
cement  rocks  from  these  seven  different  districts  just  referred  to : 

Average  of  Analyses  of  Natubal  Cement  Rock. 

SIO,    17.24 

Al  A     6.05 

Fe,0,    2.16 

CaO    28.06 

MgO    11.92 

K,0  +  Na,0    0.76 

SO,    0.90 

CO,   34.98 

Cementation  Index   1.29 

MANUFACTURE  OF  NATURAL  OBMENTS. 

In  order  to  convert  the  natural  cement  rocks  into  natural  cement  these 
rocks  are  burned  to  a  temperature  not  less  than  1000**  C,  and  for  the 
best  results  between  1000**  and  1100®  C.     In  the  burning  process  the 
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clayey  materials  are  first  attacked  by  the  lime  which  begins  to  form  by 
the  decarbonation  of  the  limestone  at  temperatures  as  low  as  610**  to 
650*^  C.  At  1000**  C.  practically  all  but  a  trace  of  CO,  is  driven  ofE. 
After  the  clayey  materials  combine  with  lime  near  the  highest  and  final 
heat  of  the  kiln  the  remaining  lime  combines  next  with  the  more  stable 
silicates,  and  lastly  with  free  silica.  The  burning  is  done  in  kilns  very 
similar  to  those  used  in  burning  lime.  After  burning,  before  the  material 
is  ready  for  sale,  it  has  to  be  ground  to  a  fine  powder.  The  burned  ma- 
terial is  ground  and  packed  either  into  sacks  or  bags,  and  is  then  ready 
for  the  market.  The  raw  materials  and  these  finished  products  vary 
greatly,  in  chemical  composition,  but  their  composition  may  be  ex- 
pressed only  approximately,  considering  the  variation  in  composition  of 
different  brands,  by  the  typical  formula  1.60  RO,  0.23  AljOg,  SiOj. 

COMPOSITION  OF  NATURAL  CEMENTS. 

The  difference  in  composition  of  natural  cement  rocks  which  has 
already  been  given  is  most  marked  and,  as  might  be  expected,  there  are 
very  noticeable  corresponding  differences  in  the  composition  of  finished 
products.  These  differences  of  composition  are  sometimes  further  accen- 
tuated by  the  conditions  of  burning,  which  not  only  modify  the  chemical 
composition  but  also  produce  greater  or  less  differences  in  the  physical 
properties. 

Analyses  of  Natubal  Cements.* 


. 
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6 

• 
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O 

.3 

AS 

state. 

District. 

<5 

CO 
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00 

B 
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bo 
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Sulphur  trj 
oxide  (S< 

Carbon  dio 
ide  (C< 

Water. 

Illinois 

Utlca 

19.89 

ll.«l 

1.85 

29.61 

20.88 

5.96 

n.  d. 

n.  d.        .... 

Ind.-Ky. 

Loulsyille 

23.18 

7.87 

1.78 

43.79 

10.48 

2.22 

n.  d. 

0.28 

Kansas 

Fort   Scott 

23.82 

6.99 

6.97 

58.96 

7.76 

•  •  •  • 

•  •  •  • 

S.00 

Maryland 

Hancock 

29.74 

8.84 

4.14 

45.66 

2.86 

•  •  •  • 

•  •  •  « 

8.18 

Minnesota 

Mankato 

28.48 

6.71 

1.94 

36.31 

23.89 

1.80 

n.  d. 

0.02 

New  York 

Rosendale 

27.76 

6.50 

4.28 

85.61 

21.18 

2.00 

0.50 

4.06       n.  d. 

New  York 

Akron-Buffalo  17.U 

7.61 

2.00 

86.88 

25.09 

8.64 

n.  d. 

n.d.      n.  d. 

Average  24.20         7.80       8.06       40.24       16.94 

The  Maryland  Natural  Cements  have  a  very  high  index,  exceeding  that  of  the  Bosen- 
dale  Cements.  The  Maryland  Cements,  moreover,  are  low  in  MgO,  while  the  Rosendale 
Cements  are  high. 

*  Eckel,  B.  C.    Cements,  Limes,  and  Plasters,  Chapter  xlx. 
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During  the  process  of  burning  a  unit  of  natural  cement  rock  the  carbon 
dioxide  is  or  ought  to  be  almost  entirely  driven  off,  and,  accordiugly,  the 
percentage  of  argillaceous  materials  and  calcium  oxide  in  the  cement 
is  correspondingly  increased.  In  the  table  of  analyses  of  natural  cements, 
this  fact  will  be  noticed  as  well  as  their  differences  in  composition. 

After  natural  cement  rock  has  been  sufSciently  burned,  the  clinker 
is  ground  to  a  fine  powder.  The  finer  the  clinker  is  ground  the  better 
are  the  results  obtained.  It  should  be  ground  so  that  90  per  cent,  will 
pass  through  a  100-mesh  screen.  The  grinding  is  done  by  suitable  ma- 
chinery designed  for  the  purpose. 

The  cost  of  manufacturing  natural  cement  varies  in  different  localities, 
ranging  from  20  to  50  cents  per  barrel,  depending  on  local  conditions. 

RELATIONS  OF  NATURAL  AND  PORTLAND  CEMENTS. 

Natural  cements  are  closely  related  both  to  hydraulic  limes  and  to  Port- 
land cement.  They  differ,  however,  with  respect  to  the  hydraulic  limes 
in  that  the  burned  mass  does  not  slake  when  water  is  poured  upon  it. 
This  is  due  to  the  fact  that,  in  the  case  of  natural  cements,  the  carbon 
dioxide  of  the  limestone  is  almost  entirely  driven  off,  and  all,  or  nearly 
all  of  the  resulting  calcium  oxide  combines  with  the  argillaceous  ma- 
terials. On  the  other  hand,  the  chief  points  of  difference  between  natural 
and  Portland  cements  have  been  briefly  and  well  summarized  by  Eckel  * 
as  follows : 

1.  Natural  cements  are  not  made  by  burning  carefully  prepared  and 
finely  ground  artificial  mixtures,  but  by  burning  masses  of  material  rich 
in  argillaceous  impurities  at  temperatures,  approximately,  of  900*^  to 
1000*^  C. 

2.  Natural  cements,  after  burning  and  grinding,  are  usually  yellow  to 
brown  in  color  and  light  in  weight,  their  specific  gravity  being  about  2.7 
to  3.10,  while  Portland  cement  is  commonly  blue  to  gray  in  color  and 
heavier,  its  specific  gravity  ranging  from  3.0  to  3.2. 

*  Eckel,  E.  C.    Cements,  Limes,  and  Plasters,  p.  195. 
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3.  Natural  cements  are  always  burned  at  a  lower  temperature  than 
Portland,  and  commonly  at  a  much  lower  temperature,  the  mass  of  rock 
in  the  kiln  rarely  being  heated  enough  to  even  approach  the  fusing  or 
clinkering  point. 

4.  In  use  natural  cements  set  more  rapidly  than  Portland  cement>  but 
do  not  attain  such  a  high  ultimate  strength. 

5.  In  composition,  while  Portland  cement  is  a  definite  product  whose 
percentages  of  lime,  silica,  alumina,  and  iron  oxide  vary  only  between 
narrow  limits,  various  brands  of  natural  cements  will  show  very  great 
differences  in  composition,  while  even  the  same  brand,  analyzed  at  diflEer- 
ent  times,  will  show  considerable  differences  in  composition  due  to  varia- 
tions in  the  natural  limestones  used. 

Portland  .Cement. 

Portland  cement,  like  hydraulic  lime  and  natural  cement,  is  character- 
ized by  the  property  of  setting  under  water  which  is  due  to  certain 
chemical  compounds  produced  by  the  burning  of  limestone  mingled  with 
Qprtain  impurities.  Unlike  the  natural  cements  and  hydraulic  limes  which 
are  formed  by  the  burning  of  varying  natural  mixtures  of  calcareous  and 
argillaceous  matter,  Portland  cement  is  the  product  of  treating  a  carefully 
prepared  artificial  mixture  of  almost  fixed  composition.  To  assure  the 
desired  uniformity  of  composition  necessitates  more  complicated  processes 
of  manufacture  which  will  be  described  in  detail  in  the  following  pages. 
In  order  that  the  bearing  of  the  extended  discussion  of  details  may  be 
clear  to  the  average  reader  the  general  process  of  manufacture  of  Port- 
land cement  is  briefiy  sketched. 

The  original  mixture  prepared  for  burning  consists  of  calcareous  and 
argillaceous  matter  in  the  general  proportion  of  2  of  the  former  to  1  of 
the  latter. 

To  assure  the  uniform  mixture  of  the  two  substances  and  their  chemical 
union  during  burning  the  raw  materials  are  finely  ground. 

After  these  have  been  pulverized  and  mixed  in  proper  proportions  they 
are  burned  in  rotary  kilns  at  a  temperature  of  1600°  to  1700*^  C,  or 
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3000**  F.,  to  ensure  incipient  fusion.  During  the  burning  process  the 
silica,  alumina,  and  iron,  which  together  form  a  large  percentage  of  the 
argillaceous  material  with  which  the  limestone  is  mixed,  combine  with 
lime  and  form  the  compounds  that  give  this  cement  its  peculiar  hydraulic 
properties. 

The  clinker  that  is  formed  at  the  high  temperature  of  the  kiln  is  then 
passed  through  grinding  and  pulverizing  mills  and  thus  reduced  to  an 
impalpable  buff-colored  powder  that  has,  when  first  ground,  an  average 
specific  gravity  of  about  3.20.  As  this  powder  is  exposed  to  the  air  the 
specific  gravity  becomes  less  and  may  fall  as  low  as  3.00  after  long 
storage.  It  is  heavier  than  the  powder  of  the  natural  cements,  and  on  the 
addition  of  water  sets  more  slowly  but  has  both  an  early  and  an  ulti- 
mate tensile  strength  that  is  much  greater  than  any  of  the  natural  or 
rock  cements. 

COMPOSITION   OF   PORTLAND   CEMENTS.* 

It  was  the  generally  accepted  belief  for  about  20  years  that  the  essen- 
tial element  in  Portland  cement  was  tri-calcium  silicate  (3CaO  •  SiOj), 
and  that  it  was  to  this  compound  that  the  setting  and  hardening  prop- 
erties of  Portland  cement  were  chiefly  due.  As  to  the  state  of  the 
combination  of  alumina,  however,  there  had  been  some  doubt.  Le  Chate- 
lier  contended  that  the  alumina  was  present  as  tri-calcium  aluminate 
(3CaO  •  AljOg),  while  Newberry  held  that  the  alumina  was  present  as 
dicalcium  aluminate  (2CaO  •  AljO,).  Some  10  years  ago  Tomebohm, 
a  Swedish  petrographer,  identified  in  cement,  by  the  use  of  the  micro- 
scope, four  distinct  constituents,  which  he  called,  respectively,  alit,  belit, 
felit,  and  celit.  Alit,  he  stated,  was  the  essential  constituent  of  Portland 
cement  and  good  Portland  cement  clinker  consisted  almost  entirely  of  it. 
Richardson,  in  1904,  stated  that  alit  was  a  solid  solution  of  tri-calcium 
silicate  in  tri-calcium  aluminate.  In  1906,  Day  and  Shephard  stated  that 
they  had  found  by  microscopic  tests  that  no  such  compound  as  tri- 
calcium  silicate  existed,  and  that  what  Newberry,  Le  Chatelier,  and 

♦  Cf.  Meade,  R.  K.    Chemical  Engineer,  1909,  Vol.  X,  pp.  183-192. 
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Bichardson  had  supposed  to  be  this  compound^  was  nothing  more  than  a 
solution  of  lime  in  calcium  ortho-silicate  or  dicalcium  silicate  (2CaO  • 
SiOj).  Their  statements  were  so  amply  backed  by  proof  that  it  is 
now  generally  agreed  that  Portland  cement  is  probably  nothing  more 
than  a  solid  solution  of  lime  in  a  magma  of  ortho-silicates  and  ortho- 
aluminates  of  lime.  It  is,  therefore,  as  impossible  to  assign  to  Portland 
cement  any  definite  chemical  symbol  as  it  is  to  assign  one  to  steel,  which 
is  a  solid  solution  of  carbon,  etc.,  in  iron  or  to  alloys,  which  are  also  solid 
solutions.  At  the  same  time  the  composition  of  Portland  cement  has  a 
great  bearing  upon  its  physical  properties,  just  as  does  the  composition 
of  an  alloy  upon  its  physical  properties.  The  accompanying  table  shows 
the  analyses  of  Portland  cements  made  from  various  materials  and  from 
various  parts  of  the  United  States. 


Analyses  or  Auebicav  Portland  Cement.! 
(Made  by  K.  K.  Meade,  except  those  marked  *.) 


Made  from. 


Cement  rock 

and 

Umestone. 


Limestone 
and  clay  or  « 
shale. 


Marl  and 
clay. 


Limestone 
and  blast 
furnace     | 


1 


Where  made.         SiOs    Fe^Os  AlsOs    CaO     M^ 


Nazareth,  Pa 

Nazareth,  Pa. 

Bath.  Pa 

Alpha,  N.J 

Northampton,  Pa.. . 

Coplay,  Pa. 

Omrod,  Pa. 

Martin's  Creek,  Pa.. 
Readinir,  Pa 


Bay  City,  Mich 

Wellston,0 

Chanu to,  Kan 

Ada,Okla 

•Stroh,  Ind 

•Glens  Falls,  N.Y... 

Alsen,N.Y 

Ford  wick,  Va 

Davenport.  Cal 

Cement.  Cal 

•Baker,  Wash 

St.  Ix)ui8.  Mo 

Demopolls,  Ala 


•Portland,  Colo 

•Middlebranch.O 

•Coldwater,  Mich  — 

8audu8ky,0 

•Bronson,  Mich 

•Harper,  O 

•Warners,  N.Y 


19.92 
21.14 
19.64 
21.83 
21.94 
22.26 
22.20 
20.»2 
24.16 

20.74 
21.84 
20.72 
22.28 
21.78 
21.60 
28.94 
21.81 
26.88 
22.84 
24.68 
23.12 
19.86 

21. 8H 
21.L'4 

*>1    Of 

Ml  .MIM 

21.98 
22.90 
21.80 
22.04 


I 


Chicago,  Til. 


\    22.41 
'(    28.06 


2.28 
2.80 
2.80 
2.61 
2.87 
2.10 
2.27 
2.60 
1.46 

2.86 
6.06 
8.73 
8.20 
2.66 
10. 
8.20 
2.81 
1.20 
8.80 
8. 
2.49 
4.10 

2.86 
4.14 
8.88 
2.36 
S.fiO 
2.00 
8.41 


7.63 
6.94 
7.62 
8.08 
6.87 
6.86 
6.09 
7.13 
6.10 

7.17 
6.77 
7.08 
6.86 
7.81 


60 


6. 62 
6.64 
8.84 
7.00 


66 


6.18 
9.18 

7.14 
7.86 
7.61 
6.99 
6.80 
6.96 
6.46 


62.48 
63.24 
62.31 
62.19 
60.26 
68.83 
62.61 
62.94 
62.96 

62.64 
62.66 
62.76 
60.66 
62.86 
68.60 
62.82 
63.01 
62.96 
60.72 
62.88 
63.47 
G3.20 

64.94 
68.22 
63.76 

G3.90 
62.60 
60.92 


8.19 
8.26 
8.04 
2.71 
2.78 
8.81 
8.00 
3.88 
8.12 

1.97 
0.80 
1.78 
8.11 
2.88 
1.80 
1.77 
2.71 
1.20 
1.80 
1.60 
0.88 
1.16 

Tr. 

0.28 

0.82 

1.10 

0.70 

1.20 

3.63 


2.61       8.12     62.01       1.68 
2.88      8.16     62.10       1.88 


RsO  Na«0    SOi     LoM 


0.62     0.61 
0.86     0.61 

n.  d. 

n.  d. 
0.61     0.87 

n.  d. 
0.82     0.61 

n.  d. 
0.21     0.60 


1.61  I 

1.12' 

1-60 

1.03  > 

1.H8 

0.89  I 

1.82 

1.46 

1.86 


1.46 
1.24 
1.48 
1.06 
8.66 
1.S4 
1.66 
1.26 
1.40 


0.48     0.12  i 

1.42 

S.68 

n.  d.       i 

1.24 

•  •  •  • 

0.41     0.28  1 

1.12 

1.40 

0.80     0.26 

1.40, 

2.(e 

0.47 

1.78' 

0.78 

0.40 

1.60 

n.  d. 

n.  d. 

0.90 

1.68 

n.  d.       1 

1.42 

2.01 

n.  d. 

0.86 

4.68 

n.  d.       1 

1.06 

2.64 

n.  d. 

1.88 

n.  d. 

n.  d.       1 

1.84 

1.81 

n.  d. 

1.18 

1.12 

1.18         I 

0.78 

1.08 

0.68 

1.11 

i.flS 

n.  d. 

1.68, 

1.02 

0.68     0.27 

1.66 

2.92 

1.10 

0.40, 

0.60 

n.  d.       1 

0.98 

4.62 

n.  d. 

1.26, 

n.  d. 

1.40 

1.02 

0.36     0.68 

1.67 

t  R.  K.  Meade,  7th  Int.  Coiigr.  of  App.  Chem.;  see  Chem.  Eng.,  X,  188. 
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The  composition  *  of  Portland  cement  of  good  quality  is  usually  within 
the  following  limits: 

Composition  of  Portland  Cement. 

Limits.  Average. 

Silica  (SiOa)    20-24%  22.0% 

Alumina   (A1,0,)    5-9  7.5 

Iron  oxide   (FeaO,)    2-4  2.5 

Lime    (CaO)    60-63.5  62.0 

Magnesia  (MgO)    1-4  2.5 

Sulphur   trioxido   1-  1.75  1.5 

A  number  of  theories  have  also  been  proposed  as  to  just  what  takes 
place  when  cement  sets.  The  older  theories  held  that  when  water  was 
added  to  the  cement  decomposition  set  in  and  new  complex  compounds 
of  lime,  silica  and  alumina  were  formed.  Still  another  theory  supposed 
that  the  cementing  action  was  due  to  a  network  of  fine  needle-like  crystals 
of  calcium  hydrate. 

With  the  application  of  physical  chemistry  to  the  solution  of  prob- 
lems of  this  character,  a  newer  theory  has  been  recently  put  forward, 
which  supposes  that  when  water  is  added  to  the  clinker,  gelatinous  or 
colloidal  silica  is  formed,  and  that  this  acts  as  a  glue  or  jelly  to  bind  the 
material  together.  Just  at  the  present  time  the  chemistry  of  cements 
is  in  a  rather  upset  condition,  due  to  the  fact  that  we  are  changing  from 
the  older  supposition  that  cement  was  a  definite  compound  to  the  newer 
one  that  it  is  a  solid  solution,  and  this  has  effected  all  of  our  theories 
as  to  what  takes  place  when  cement  hardens. 

Practical  experience  has  shown  that  the  essential  elements  in  cement 
are  lime,  silica,  and  alumina.  Iron  is  present  to  more  or  less  extent 
in  nearly  all  clays  and  shales,  and  hence  is  always  present  in  cement. 
Its  presence  may  be  looked  upon,  however,  not  simply  as  an  impurity. 
It  has  a  definite  advantage;  namely,  it  assists  in  burning.  The  white 
Portland  cements  have  all  proved  hard  to  bum,  and  the  more  iron  which 
a  cement  contains  the  easier  it  will  burn. 

♦  R.  K.  Meade.    7th  Congress  of  Applied  Chemistry;  see  Chemical  Engineer, 
X,  184. 
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In  preparing  the  raw  materials  for  burning  in  the  kiln,  the  best 
results  can  only  be  obtained  when  the  four  elements,  lime,  silica,  alumina, 
and  iron  are  mixed  in  the  proper  proportions;  not  only  that,  but  the 
mixture  should  be  a  very  intimate  one,  which  can  only  be  brought  about 
by  very  fine  grinding  of  the  materials.  The  range  of  composition  which 
is  allowable  in  any  given  brand  of  cement  is  nowhere  as  large  as  that 
given  in  the  above  tables.  Usually  the  limits  for  lime  are  not  greater 
than  1  per  cent,  either  way  from  a  fixed  standard,  and  very  often  they 
are  not  more  tlian  one-half  of  this.  The  composition  of  a  given  cement 
neariy  always  depends  upon  the  index  of  activity,  the  percentage  of  iron 
and  the  degree  of  grinding  which  the  raw  materials  are  given. 

The  chemical  constituents  of  Portland  cement  may  be  divided  into 
two  classes,  the  essential  and  the  accessory.  The  essential  constituents 
have  already  been  mentioned  as  being  lime,  silica,  alumina  (and  iron). 
The  accessory  constituents  would  include  such  compounds  as  magnesia, 
sulphuric  acid,  the  alkalies,  water,  and  carbonic  acid,  etc.,  which  occur 
in  the  cement  as  unavoidable,  accidental  ingredients,  or  else  as  inten- 
tionally added  impurities. 

Essential  Constituents  of  Portland  Cements. 

Lime  is  the  most  important  of  the  essential  constituents  in  the  sense 
that  its  ratio  in  Portland  cement  to  the  other  three  essential  elements 
is  about  as  2  to  1.  In  proportioning  the  mix  care  should  be  observed, 
therefore,  to  have  the  amount  present  neither  too  large  nor  too  small. 
If  the  lime  is  in  excess,  the  cement  will  be  unsound — that  is  concrete 
formed  from  it  will  in  time  swell,  crack,  and  possibly  fall  to  pieces. 
If,  on  the  other  hand,  the  lime  is  deficient  in  quantity  the  cement  will 
be  low  in  tensile  strength,  of  poor  color,  and  often  will  set  too  quickly 
to  allow  the  masons  to  place  it  in  the  forms.  When  the  mixture  is  im- 
perfect or  the  burning  insufficient,  the  combination  of  the  lime  with 
the  silica,  alumina,  etc.,  is  incomplete,  and  a  poor  grade  of  cement  is 
the  result.    In  a  Portland  cement  of  normal  composition  the  proportion 
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of  lime  falls  within  the  limits,  according  to  Chatelier,*  determined  by  the 
following  formulae: 

1.  Upper  limit  of  lime.  S^  JS?  ^  ^' 

oiUj-rAljU, 

2.  Ix>wer  limit  of  lixne.     sjo^-flllbTfl-eA)  ^  '■ 

On  the  whole,  the  greater  the  amount  of  lime  that  is  present  in  cement, 
if  it  is  all  combined  without  leaving  free  lime,  the  greater  will  be  its 
strength.  New  plants  usually  take  advantage  of  this  fact,  and  in  placing 
their  product  on  the  market  make  the  lime  content  high  and  burn  the 
mixture  at  unusually  high  temperatures  to  obtain  complete  combination. 
As  a  result  there  is  a  considerable  increase  in  the  cost  of  manufacture, 
but  the  resulting  cement  is  given  high-testing  qualities  that  obviously  are 
most  helpful  in  establishing  a  new  brand. 

The  amount  of  silica  in  a  Portland  cement  varies  from  19  to  25  per 
cent.  A  cement  with  a  high  silica  content  approaching  the  upper  limit 
mentioned  above  would  imply  a  cement  low  both  in  alumina  and  iron; 
and  conversely  a  cement  low  in  silica  is  also  generally  correspondingly 
high  in  its  content  of  alumina,  and  may  be  also  high  in  iron.  Further- 
more, the  high  silica  cements  are  harder  to  clinker  than  the  low  silica 
cenients.  They  harden  slowly  and  sometimes  have  trouble  in  meeting 
the  short^time  strength  specifications,  but  they  usually  give  high  ultimate 
tensile  strength.  In  order  to  avoid  making  a  cement  that  will  set  too 
quickly  the  raw  materials  should  be  proportioned  so  that  the  silica  in  the 
resulting  cement  will  amount  to  at  least  2.5  times  the  alumina. 

The  amount  of  alumina  permissible  in  a  Portland  cement  has  been 
given  as  lying  between  5  and  9  per  cent.  Its  effect  upon  the  set  of 
the  cement  is  just  opposite  to  that  of  silica.  A  cement  containing  from 
8  to  9  per  cent,  of  alumina  is  apt  to  set  rapidly. 

The  tendency  of  high  aluminous  cements  to  set  rapidly  can  be  cor- 
rected to  some  extent  by  having  the  cement  of  low  hydraulic  index; 
that  is,  a  high  lime  cement.    High  alumina  cements  are  quick  hardeners, 

♦  Le  Chatelier,  Constitution  of  Hydraulic  Mortars,  p.  87. 
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and  consequently  cements  containing  from  7^  per  cent,  to  10  per  cent, 
alumina  show  high  seven-day  tests.  Cements  should  contain  at  least 
2.5  as  much  silica  as  alumina.  This  ratio  between  silica  and  alumina 
Meade  *  calls  the  index  of  activity.  This  index  should  lie  between  2.5 
and  5.  Cements  with  an  index  of  activity  of  less  than  2.5  are  apt  to  be 
quick-setting  or  else  to  become  quick-setting  on  exposure  to  air.  In 
order  to  offset  this  tendency  to  set  quickly  on  the  part  of  high  alumina 
cements,  it  is  necessary  to  make  them  relatively  higher  limed  than  those 
containing  moderate  percentages  of  alumina.  The  high  lime  content 
gives  slow-setting  properties  which  offset  the  quick-setting  ones,  due  to 
high  alumina.  Cements  high  in  alumina  are  hard  to  bum  properly, 
owing  to  the  fusibility  of  the  calcium  aluminate.  This  causes  balling  up 
and  sticking  together  of  the  clinker  in  the  hot  zone  of  the  kiln,  preventing 
uniform  burning. 

Cements  with  an  index  of  activity  of  more  than  five  are  usually  very 
hard  to  bum.  They  are  slow-setting  and  also  slow  hardeners.  Their 
early  strength  is  often  low,  but  ultimately  they  obtain  as  great  strength 
as  other  cements.  There  are  a  number  of  high  silica  cements  on  the 
American  market  which  have  great  diflSculty  in  meeting  standard  speci- 
fications as  to  seven-day  strength. 

The  amount  of  ferric  oxide  in  Portland  cements  is  comparatively  low, 
though  it  is  an  important  ingredient.  It  seldom  exceeds  5  per  cent.,  and 
is  usually  below  this,  being  generally  between  2  and  4.5  per  cent.  It 
aids  greatly  in  lowering  the  temperature  at  which  the  clinker  is  formed, 
and  is  also  said  to  give,  in  replacing  and  lowering  the  amount  of  alumina, 
the  cement  the  property  of  resisting  the  magnesium  sulphate  (Mg  SO4) 
of  sea-water. 

Cement  made  from  materials  containing  alumina  and  no  iron  is  per- 
fectly white.  It  requires  a  higher  temperature  to  burn,  but  when  prop- 
erly clinkered  possesses  all  the  setting  and  hardening  properties  of  Port- 
land cement.     White  Portland  cements  are  now  made  at  York,  Pa., 

♦  R.  K.  Meade.    7th  Congress  of  App.  Chem.;  see  Chem.  Eng.,  X,  187. 
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Canaan,  Mass.,  and  Kimmel,  Ind.    Below  are  analyses  and  tests  of  some 
of  this  white  Portland  cement: 

Analyses  of  Sandusky  White  Cement,  York,  Pa. 

Percent. 
Silica  (SiO,)    23.56 

Alumina   ( AlA)    5.66 

Iron  Oxide  (FCaO,)    0.32 

Lime    (CaO)    64.12 

Magnesia  (MgO)    1.54 

Sulphur  Trioxide   (SO3)    1.50 

Loss  on  ignition 2.92 

Total    99.62 

Physical  Properties. 

Fineness  through  a  No.  100  test  sieve  =  94-7  per  cent. 

Fineness  through  a  No.  200  test  sieve  =:  76.9  per  cent. 

Boiling  test,  5  hours  ==  Oood. 

Initial  Set  =  S  hours  and  ^5  min. 

Final  Set  =  6  hours  and  30  min. 

Tensile  strength    1  day    neat  =  S8S  lbs. 

Tensile  strength    7  days  neat  =  627  lbs. 

Tensile  strength    7  days  sand  =  21d  lbs. 

Tensile  strength  28  days  neat  =755  lbs. 

Tensile  strength  28  days  a8Lnd=:246  lbs. 

Iron  does  not  make  cement  quick-setting  and  may  be  made  to  replace 
alumina  to  advantage  in  many  cases.  Portland  cement  in  which  iron 
replaces  alumina  is  claimed  to  resist  sea-water  much  better  than  ordinary 
cements. 

Cements  have  been  made  almost  entirely  free  of  alumina  and  con- 
taining only  lime,  silica,*  and  iron  oxide,  together  with  the  ordinary 
accessory  impurities.  These  non-aluminous  cements  have  proven  in 
every  way  satisfactory  when  submitted  to  the  most  rigid  tests.  Ferric 
oxide  has  thus  been  shown  to  be  able  to  replace  the  alumina  entirely, 
though  giving  the  cement  a  grayish  color,  but  in  no  way  diminishing 
its  tensile  strength  or  its  hydraulicity. 

A  cement,  called  "  Erz  Cement,*'  made  from  a  siliceous  limestone  and 
iron  ore  is  manufactured  by  the  Krupp  Steel  Company,  at  Hemmoor, 

*  Meade,  R.  K.    Portland  Cement,  p.  28. 
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Germany,  and  is  intended  for  marine  construction.     It  has  about  the 
following  analysis: 

Silica  (SiO,)    20.5 

Alumina   ( A1,0,)    1.5 

Iron  Oxide  (PeA)    HO 

Lime    (CaO)    63.5 

Magnesia  (MgO)    1.5 

Sulphur  Trioxide   (SO.)    1.0 

Total    99.0 

Accessory  Consiiiuents  of  Portland  Cements, 

Magnesia  is  considered  the  principal  impurity  in  Portland  cements. 
The  standard  specifications  state  that  a  Portland  cement  should  not  con- 
tain more  than  4  per  cent,  of  magnesia.  As  much  as  5  per  cent.,  however, 
is  not  thought  by  many  of  the  authorities  to  be  harmful.  But  all  the 
manufacturers,  nevertheless,  are  very  careful  to  have  the  percentage  of 
magnesia  as  low  as  possible  in  order  to  be  well  within  the  limits  of  the 
standard  specifications. 

Formerly  it  was  thought  that  if  a  cement  contained  over  2  per  cent 
of  MgO  it  was  too  high  in  magnesia,  but  now  4  to  5  per  cent,  is  the  allow- 
able maximum  in  American  Portlands  and  about  3  per  cent,  is  the 
maximum  according  to  foreign  practice.  Campbell  and  White,  however, 
have  shown  that  good  Portland  cements  can  be  made,  if  the  raw  materials 
are  carefully  selected,  proportioned,  and  burned,  with  a  content  of  10 
per  cent,  magnesia.  On  the  other  hand,  the  investigation  of  R.  Dyker- 
hoflF,  which  was  presented  in  1895  to  the  German  Association  of  Cement 
Manufacturers,  shows  that  more  than  4  per  cent,  of  magnesia  in  the 
cement  decreases  its  strength  and  over  8  per  cent,  causes  it  to  crack. 

The  amount  of  the  potash  and  soda  present  in  Portland  cement  varies 
from  0  to  a  little  over  2.5  per  cent.,  but  rarely  exceeds  .75  per  cent,  in 
American  cements.  The  cements  with  the  higher  limit  of  the  alkalies 
are  usually  made  from  alkali  waste.  The  per  cent,  of  alkalies  present 
in  the  raw  materials  is  reduced  at  least  one-half  by  the  heat  of  the  kiln.* 

♦  Meade,  R.  K.    Portland  Cement,  p.  124. 
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A  larger  amount  of  the  potash  is  lost  and  goes  oS  with  the  kiln  gases 
than  soda,  since  the  former  is  the  more  volatile.  They  both  act  as 
fluxes*  and  promote  the  combination  of  the  silica  and  alumina  with 
the  lime.  A  considerable  quantity  of  either  or  both  of  these  alkalies 
would  probably  have  the  effect  of  making  the  cement  set  more  quickly, 
since  the  experiment  of  adding  to  Portland  cements  the  hydroxides  of 
these  elements  has  shown  that  they  produce  this  result. 

The  sulphur  in  Portland  cement  is  present  in  the  form  of  calcium 
sulphate  and  in  very  small  amounts  as  calcium  sulphide.  It  is  usually 
added  in  the  form  of  gypsum  (CaSO^  •  2H2O)  in  order  to  retard  the  set. 
Part  of  the  sulphur  present  may  have  been  originally  in  the  raw  materials, 
but  the  amount  derived  from  this  source  is  generally  small,  most  of  it 
going  off  with  the  kiln  gases  in  the  form  of  SOg-f 

The  amount  of  calcium  sviphate  permitted  by  the  standard  specifica- 
tions is  below  3  per  cent.,  or,  in  other  words,  on  analysis  tHe  cement 
must  not  show  over  1.75  SOj.  This  is  added  to  Portland  cement  after 
it  has  been  burned.  In  quantities  below  3  per  cent,  the  effect  is  beneficial, 
increasing  both  the  strength  and  soundness  of  the  cement.  If  the  calcium 
sulphate  exceeds  4  to  5  per  cent,  the  effect  is  to  give  high  short-time 
tests,  though  on  the  final  strength  test  these  larger  amounts  are  found 
to  be  injurious. 

The  quantity  of  water  and  carbon  dioxide  in  freshly  made  Portland 
cements  is  usually  very  small.  During  the  process  of  burning  both  these 
substances  are  nearly  or  entirely  driven  off,  and  the  amount  remaining 
rarely  exceeds  and  usually  is  considerably  less  than  1  per  cent.  How- 
ever, as  the  cement  is  stored  and  allowed  to  season  as  much  as  3  to  4 
per  cent,  of  carbon  dioxide  (COj)  and  water  (HjO)  are  spontaneously 
borrowed  from  the  air.  This  relatively  small  amount  of  carbonation  and 
hydration  that  occurs  during  the  "  aging "  of  the  cement  is  beneficial. 

The  specifications  place  no  limit  on  the  percentage  of  combined  water 
and  carbon  dioxide.    This  is  because  the  loss  on  ignition  gives  no  decisive 

♦  Ibid.,  p.  30. 

t  Meade,  R.  K.    Portland  Cement,  p.  124. 
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indication  regarding  the  quality  of  the  Portland  cement,  since  both  the 
carbon  dioxide  and  the  water  pass  off  at  a  temperature  below  that  of 
incipient  fusion  of  the  raw  materials.  The  mass  may  be^  therefore, 
under-burned  and  still  give  an  ignition  as  low  as  that  of  a  cement  that 
has  been  burned  suflSciently. 

A  complete  analysis  of  a  Portland  cement  will  often  disclose  the 
presence  of  other  substances  besides  those  that  have  been  mentioned. 
Among  these  are  Phosphorous  pentoxide  (PjOg),  Titanic  oxide  (TiO,), 
Strontium  oxide  (SrO),  Ferrous  oxide  (FeO),  and  Manganous  oxide 
(MnO).  They  occur,  however,  in  the  commercial  cements  in  such  small 
amounts  as  to  be  negligible  quantities,  and  have  practically  no  effect  on 
the  hydraulicity  or  the  setting  properties  of  the  cements. 

When  Titanic  oxide  (TiOj)  is  present  it  acts  like  the  silica  for  which 
it  could  probably  be  substituted,  but  not  profitably,  because  of  the  greater 
heat  that  would  be  required  to  make  the  raw  materials  clinker.  Manganese 
oxide  acts,  on  the  other  hand,  as  a  flux  and,  like  the  ferric  oxide,  assists 
in  the  formation  of  the  clinker.  Strontium  oxide  bears  somewhat  the 
same  similarity  to  lime  as  the  magnesia,  and  so  when  a  small  amount 
of  strontium  oxide  is  present  it  is  not  deleterious,  but  on  the  contrary 
acts  as  a  base  and  unites  with  silica  and  alumina,  and  combines  with 
ferric  oxide  just  as  lime  does. 

RAW  MATERIALS  FOR  PORTLAND  CKMENTS. 

All  the  essential  constituents  of  Portland  cement  are  found  in  nature 
in  the  uncombined  form  as  minerals,  except  lime,  which  is  always  com- 
bined with  some  other  substance.  Lime  (CaO)  combines  with  carbon 
dioxide  (COj),  forming  calcium  carbonate  (CaCOg),  which  occurs  most 
abundantly  as  limestone.  Silica  (SiOo)  occurs  as  quartz  and  alumina 
(AloOg)  as  corundum,  while  ferric  oxide  (FCjOj),  as  hematite,  is  a 
prominent  iron  ore.  Quartz  is  one  of  the  chief  rock-making  minerals;, 
and  in  the  form  of  sandstones  and  quartzites  occurs  as  a  large  and  con- 
spicuous part  of  entire  mountain  ranges.  Quartz  occurs  in  nature  far 
more  abundantly  than  hematite,  and  the  latter  in  turn  is  much  more 
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abundant  than  comndnm,  which  is  noted  chiefly  for  its  hardness,  and 
in  which  respect  it  is  second  cnly  to  diamond.  But  because  of  its  hard- 
ness and  the  diflSculty  of  grinding,  corundum  is  never  used  in  cement 
making,  and  quartz  and  hematite  are  only  used  in  very  small  quantities. 
Quartz  is  sometimes  introduced  in  the  form  of  sand  or  its  equivalent, 
finely  ground  sandstone,  to  make  up  for  a  deficiency  of  silica  in  one  or 
both  of  the  raw  materials.  Small  quantities  of  iron  ore  are  occasionally 
employed  for  the  same  reason,  and  for  the  additional  purpose  of  making 
a  cement  especially  adapted  for  marine  work. 

Silica  (SiOj),  alumina  (AljOn),  and  ferric  oxide  (Ye^O^),  especially 
the  first  two,  are  essential  constituents  of  all  clays  and  shales  and  slates. 
They  are  present  in  greater  or  less  quantity  and  more  or  less  chemically 
combined,  and  intimately  mixed  mechanically  in  all  argillaceous  ma- 
terials, which  are  so-called  in  reference  to  this  fact.  These  argillaceous 
materials,  such  as  the  different  varieties  of  clays,  shales,  and  slates  are 
the  chief  source  for  the  silica  (SiOj),  alumina  (AljOg),  and  ferric 
oxide  (FcaOj)  that  enter  into  Portland  cement  manufacture.  On  the 
other  hand,  limestone,  of  which  there  are  a  number  of  varieties,  is  the 
principal  source  of  the  lime  (CaO)  used. 

The  materials  from  which  Portland  cement  is  made  may  be  divided 
into  two  major  groups.  The  materials  in  which  calcium  carbonate  is  the 
principal  constituent  would  be  classified  as  calcareous,  while  those  in 
which  the  clayey  substances,  silica,  and  alumina,  are  most  abundant 
would  fall  under  the  head  of  argillaceous.  In  nature  calcareous  materials 
are  found  in  which  silica  and  alumina  and  other  impurities  are  prac- 
tically absent.  There  are  shales  and  slates,  on  the  other  hand,  which, 
if  not  quite,  are  almost  wholly  free  from  calcareous  constituents.  These 
and  the  pure  limestones  represent  the  extremes,  between  which  lie  cal- 
careous shales  and  argillaceous  limestones,  which  grade  one  into  the 
other.  When  the  latter  is  equal  to  or  exceeds  18  per  cent,  in  silica  and 
alumina,  it  may  be  considered  either  as  an  argillaceous  limestone  or  an 
extremely  calcareous  shale,  but  it  is  usually  given  a  new  name  and  is 
called  "  cement  rock.*'  It  is  customary  to  classify  the  cement  rocks  with 
the  argillaceous  materials. 
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Grouped  under  the  head  of  calcareous  and  argillaceous  for  the  reasons 
above  assigned^  we  have  the  following  materials :  * 

CALCABBOUS   MATERIALS.  ABGHXACEOUS   MATERIALS. 

Limestones,  Cement  Rock.       Clay, 

Marls,  Shale, 

Chalk,  Slate, 

Alkali  waste.  Blast  furnace  slag. 

Calcareous  Materials. 

In  the  manufacture  of  Portland  cement  limestone  may  be  combined 
or  mixed  with  either  clay,  shale,  slate,  blast-furnace  slag,  or  cement 
rock,  and  a  suitable  mixture  obtained,  provided  the  raw  materials  used 
are  of  the  correct  composition.  The  same  is  true  of  the  marls,  chalk,  and 
alkali  waste.  Over  55  per  cent,  of  the  Portland  cement  manufactured 
in  the  United  States  is  made  in  the  Lehigh  district  by  burning  a  mixture 
of  limestone  and  "cement  rock.''  In  Michigan,  Ohio,  Indiana,  and 
central  New  York  the  calcareous  material  used  is  marl,  and  this  is  mixed 
either  with  clay  or  shale,  and  the  cement  made  according  to  the  wet 
process,  the  mixture  being  introduced  into  the  kilns  in  the  form  of  a 
slurry.  One  plant  in  Michigan  f  formerly  used  caustic  soda  waste  and 
clay;  and  in  the  iron  manufacturing  districts  of  Pennsylvania  and 
Illinois  the  slag  from  blast  furnaces  is  employed  and  mixed  with  lime- 
stone. 

Outside  of  the  Lehigh  district,  and  the  exceptions  noted,  a  combina- 
tion of  more  or  less  pure  limestone  and  shale  is  the  basis  of  the  industry. 
These  are  the  materials  which  are  used  by  the  Security  Cement  and  Lime 
Company  at  their  plant  near  Hagerstown,  the  first  of  the  kind  to  be 
built  in  Maryland,  and  are  also  the  ones  to  be  employed  by  the  Tide- 
water Portland  Cement  Company,  at  Union  Bridge,  Md.  * 

Limestones  and  shales  are  widely  distributed,  and  for  this  reason  they 
are  destined  to  be  used  in  the  manufacture  of  Portland  cement  even  more 
extensively  than  at  present.    As  the  industry-  develops  in  Maryland  they 

♦  Meade,  R.  K.    Portland  Cement,  p.  33. 
t  Meade,  R.  K.    Portland  Cement,  p.  34. 
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will  be  the  raw  materials  upon  which  the  manufacturer  will  be  chiefly 
dependent. 

Calcium  carbonate  (CaCOg),  which  in  the  crystalline  form  is  known 
as  calcite,  is  the  chief  constituent  of  limestones.  When  the  carbon 
dioxide  is  driven  oflp  from  CaCOj,  56  per  cent,  of  the  carbonate  is  left 
in  the  form  of  lime  or  calcium  oxide  (CaO).  Limestones  containing  this 
percentage  of  lime,  however,  are  exceeding  rare.  They  are  usually  con- 
taminated by  such  impurities  as  silica,  alumina,  iron,  and  magnesia.  The 
last  named  of  these  four  varies  in  amount  in  limestones  from  0  to  21.74 
per  cent.  When  this  upper  limit  is  reached  the  chemical  composition 
of  the  stone  is  expressed  by  the  formula  CaCOj  •  MgCOj  and  is  called 
dolomite,  which  contains  54.35  per  cent,  calcium  carbonate  and  45.65 
per  cent,  magnesium  carbonate. 

Of  the  four  principal  impurities  in  limestones,  magnesia  is  the  most 
objectionable  and  the  bane  of  the  Portland  cement  manufacturer.  If 
this  substance  occurs  in  quantities  exceeding  5  to  6  per  cent,  the  lime- 
stone becomes  unsuited  for  use  in  the  manufacture  of  Portland  cement, 
though  it  may  be  entirely  acceptable  for  the  manufacture  of  lime  and 
for  other  purposes.  More  limestones  are  rejected  on  account  of  the 
magnesia  content  than  for  any  other  cause.  The  lower,  therefore,  the 
content  of  magnesia  the  better. 

The  impurities,  besides  magnesia  mentioned  as  occurring  in  limestones, 
are  clayey  matter,  including  silica,  alumina,  and  iron.  Limestones  con- 
tain other  impurities  than  these,  but  they  occur  in  very  small  per- 
centages, and  are  therefore  in  general  negligible  quantities.  The 
percentage  of  iron  is  usually  less  than  that  of  the  alumina,  and  the  sum 
of  these  two  generally  is  less  than  the  percentage  of  silica.  All  three 
are  land-derived  materials  and  owe  their  presence  in  the  limestones  to 
the  fact  that  they  were  carried  in  suspension  out  to  sea  and  were  de- 
posited, and  became  mixed  with  the  calcareous  muds  of  the  latter  in  the 
form  of  fine  silt. 

The  proportion  in  which  these  three  substances  can  occur,  making 
the  limestone,  so  far  as  they  are  concerned,  ideally  suitable  for  manu- 
facture into  Portland  cement,  is  when  the  percentage  of  silica  equals 
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at  least  twice  the  sum  of  the  percentages  of  alumina  and  ferric  oxide, 
and  the  ratio  of  silica  and  alumina  is  between  2^  and  4  to  1.  Then, 
if  these  ratios  are  preserved  and  these  clayey  materials  amount  to  20 
per  cent,  of  the  limetone,  as  against  a  content  of  approximately  75  per 
cent,  of  calcium  carbonate,  the  limestone  may,  without  the  addition  of 
further  ingredients,  be  made  directly  into  Portland  cement. 

Argillaceous  limestones  with  the  proportions  of  the  constituents  exactly 
as  postulated  above  are  comparatively  rare.  There  are  limestones,  how- 
ever, which  very  closely  approximate  the  composition  just  described. 
They  are  not  widely  distributed,  being  chiefly  confined  to  the  Lehigh 
district  of  Pennsylvania  and  New  Jersey,  where  they  are  known  as 
"  cement  rocks,^^  and  furnish  the  raw  material  for  over  55  per  cent,  of 
the  Portland  cement  annually  manufactured.  Bocks  closelv  similar 
in  composition  are  also  used  in  the  West,  in  the  states  of  Utah,  Cali- 
fornia, and  Colorado. 

These  limestones,  and  particularly  the  "  cement  rocks ''  of  the  Lehigh 
district,  furnishing  as  they  do  the  raw  materials  for  more  than  half  of 
the  cement  made  in  the  United  States,  are  worthy  of  a  more  detailed 
description  than  can  be  given  at  this  point  of  the  discussion.  Their 
distribution,  physical  characteristics,  and  chemical  composition  will,  there- 
fore, be  taken  up  later. 

Silica  occurs  in  limestone  without  alumina  in  three  distinct  forms. 
It  may  occur  in  the  form  of  nodules  of  chert  or  flint,  or  in  irregular 
veins  as  quartz.  When  a  limestone  contains  silica  in  either  of  these 
forms  it  seriously  affects  the  regularity  of  the  composition  of  the  stone 
and  makes  it  practically  useless  for  cement  manufacture.  Again  silica 
may  occur  in  a  very  finely  divided  condition  and  evenly  distributed 
through  the  limestone,  and  some  of  it  may  be  in  the  form  of  hydrate 
of  silica.  When  this  is  the  case  it  combines  verv  readily  with  the  lime, 
even  though  alumina  be  absent.  And,  finally,  it  occurs  as  a  constituent 
of  silicates  like  tremolite  and  diopside.  This  third  method  of  occurrence 
is  principally  in  the  more  metamorphosed  limestone,  the  crystalline  lime- 
stones, and  marbles,  but  chiefly  in  tlie  latter. 

When  silica  and  alumina  occur  in  metamorphosed  limestones  they  are 
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found  combined  about  as  they  were  in  the  clay  or  silt  through  which 
they  were  first  introduced.  But  the  same  limestone,  if  it  is  considerably 
argillaceous  after  undergoing  metamorphism,  might  have  an  entirely 
different  value  for  cement  making.  For,  as  one  of  the  results  of  meta- 
morphism of  argillaceous  limestone,  complicated  silicate  compounds  are 
formed  in  which  are  combined  both  the  silicon  and  aluminum  with  cal- 
cium and  magnesium.  In  the  kiln  these  may  prove  more  or  less  inert 
and  intractable  and  render  the  material  useless.  It  is  a  matter,  there- 
fore, of  the  utmost  concern  to  the  Portland  cement  manufacturer  to 
have  the  silica  and  alumina  in  the  limestone  properly  combined,  and  to 
know  in  just  what  manner  these  two  substances  are  united.  The  form 
in  which  they  are  most  desired  is  as  simple  silicates  of  alumina  more  or 
less  hydrated  and  finely  divided  and  widely  and  evenly  distributed 
throughout  the  mass.  In  this  form  the  silica  and  alumina  of  the  lime- 
stone, under  the  influence  of  heat,  combine  most  readily  with  the  lime, 
forming  those  compounds  that  give  Portland  cement  its  hydraulic  prop- 
erties. Hence  it  is  that  argillaceous  limestones  are  much  used  and  are 
considered  an  excellent  basis  for  Portland  cement  manufacture. 

Iron  occurs  in  limestones  in  several  different  forms.  It  may  occur  as 
a  carbonate  (FeCOg)  siderite,  as  an  oxide  (FCjOg)  hematite,  or  as  a 
sulphide  (FeSg)  pyrite,  and  also  in  the  crystalline  limestones  as  a  con- 
stituent in  complicated  silicates.  It  occurs  commonly,  however,  in  the 
form  of  hematite  or  pyrite.  When  the  latter  is  present  in  an  amount 
exceeding  3  per  cent,  the  quality  of  the  stone  is  seriously  affected.  On 
the  other  hand,  the  amount  of  ferric  oxide  must  not  be  so  high  as  to 
cause  the  ferric  oxide  in  the  cement  *  to  be  more  than  4  per  cent.  But 
within  these  limits  the  presence  of  iron  is  advantageous.  It  acts  like 
alumina  only  more  effectually  in  promoting  the  clinkering  of  the  ma- 
terials and  in  aiding  silica  to  combine  with  lime. 

Among  the  usually  negligible  impurities  that  occur  occasionally,  but 
seldom  in  sufficient  quantities  in  a  limestone  to  have  a  deleterious  effect, 
are  the  alkalies  and  svlphur.    The  former,  that  is,  soda  and  potash  where 

♦  GeoL  Survey  of  Ohio,  BuU.  3,  p.  226. 
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The  analyses  of  the  fresh-water  marls  used  in  this  country  show  a  high 
content  of  lime  and  a  relatively  low  content  of  magnesia,  silica,  iron, 
and  alumina.  In  steady  practice,  however,  there  is  sometimes  a  con- 
siderable range  in  composition.  This  is  well  brought  out  by  the  analyses 
above  (p.  293). 

The  analyses  of  fresh-water  marls  were  compiled  from  material  used 
by  a  prominent  plant  in  Michigan,  computed  to  a  dry  basis.  As  the 
marl  comes  to  the  plant  it  contains  55  per  cent,  or  so  of  moisture.  The 
analyses  having  been  made  on  a  dry  basis,  this  water  content  in  the  orig- 
inal material  is,  therefore,  not  given.  The  marine  marls  are  represented 
by  30  analyses  from  different  sources  in  Mar}dand.  The  wide  divergence 
in  composition  of  the  marine  marls  of  Maryland  from  the  fresh-water 
marls  of  Michigan  clearly  indicate  that  they  are  not  at  all  suited  to 
furnish  the  calcareous  material  for  the  manufacture  of  Portland  cement. 
As  a  source  of  argillaceous  material  bearing  some  lime  they  might  be 
mixed  with  the  purer  limestones  of  the  adjacent  Piedmont,  but  their 
low  average  tenor  of  alumina  makes  even  such  use  limited  to  verA*  few 
localities. 

Cement  Rock, 

When  the  formation  of  limestone  is  in  progress  the  fine  calcareous 
mud,  made  up  of  shells  and  the  comminuted  tests  of  organisms  secreting 
calcium  carbonate,  may  become  contaminated  by  clayey  matter  derived 
from  the  land.  As  a  result  of  the  terriireuous  mud  thus  introduced  and 
mixed  with  the  limey  mud  or  ooze  of  the  accumulating  limestone,  ma- 
terials are  assembled,  constituting  what  are  known  as  argillaceous  lime- 
stones. When  the  content  of  clayey  matter  equals  or  exceeds  20  per 
cent,  the  rock  is  called  a  "  cement  rock.^^  The  best  known  example  of  this 
is  the  Trenton  limestone  which  enters  into  the  manufacture  of  more 
than  half  of  the  Portland  cement  made  in  America,  and  is  typically  ex- 
posed and  worked  in  the  Lehigh  cement  district,  which  includes  the 
counties  of  Berks,  Lehigh,  and  Northampton  in  Pennsylvania,  and  War- 
ren in  New  Jersey.  The  ideal  material  for  making  Portland  cement  is 
an  argillaceous  rock  composed  of  approximately  20  per  cent,  of  clayey 
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matter  and  75  per  cent,  of  calcium  carbonate.  A  rock  of  this  sort  might 
be  ground  and  burned  and  made  directly  into  Portland  cement  without 
the  admixture  of  any  other  material.  A  rock  approaching,  but  not  reach- 
ing, this  ideal  composition  would,  however,  require  the  addition  of  pure 
limestone  or  the  admixture  of  clayey  materials,  depending  on  whether 
the  "cement  rock  "  happened  to  be  either  low  in  calcium  carbonate  or  low 
in  its  content  of  silica  and  alumina  and  ferric  oxide. 

Because  of  their  softness  these  "  cement  rocks  "  are  more  easily  and 
cheaply  pulverized  than  the  hard  limestones  and,  moreover,  form  a 
clinker  at  lower  temperature  than  mechanical  mixtures  of  the  same  com- 
position. The  manufacturer  using  them  effects,  therefore,  a  saving  both 
in  the  grinding  of  the  raw  material  and  in  the  consumption  of  fuel. 

In  the  Lehigh  district,  where  that  portion  of  the  Trenton  "  cement 
rock  "  *  is  typically  exposed,  it  has  a  thickness  of  about  600  feet.  Here 
it  lies  between  a  shale  and  a  massive  and  more  magnesian  limestone. 
The  former  is  known  geologically  as  the  Hudson  or  Martinsburg  shale, 
and  the  latter  as  the  Kittatinny  limestone.  The  argillaceous  limestone, 
called  "  cement  rock,"  lying  between  the  two  represents  a  condition  of 
shallow-water  deposition  during  the  Trenton,  and  like  the  accompanying 
formations  is  of  Ordovician  age.  Toward  its  top  this  Trenton  limestone 
becomes  more  siliceous,  like  the  superjacent  shales,  while  toward  the 
bottom  the  lime  content  increases  and  it  becomes  more  calcareous.  In  a 
single  quarry,  therefore,  the  beds  will  generally  vary  from  argillaceous 
at  the  top  to  less  argillaceous  at  the  bottom. 

The  argillaceous  "cement  rock"  of  the  Lehigh  district,  as  may  be 
inferred  from  the  foregoing,  is  very  dark  gray  in  color  and  shows  a 
characteristic  slatey  structure.  It  ranges  in  composition  from  60  to  80 
per  cent,  of  calcium  carbonate  and  15  to  30  per  cent,  of  clayey  matter, 
and  contains  from  3  to  5  per  cent,  of  magnesian  carbonate.  In  the 
manufacture  of  cement  it  is  generally  mixed  with  the  purer  limestones 

♦  The  "  cement  rock  "  corresponds  to  the  Chambersburg  and  the  Kittatinny 
as  here  used  to  the  Beekmantown  and  lower  members  of  the  Shenandoah 
group  as  these  formations  are  developed  in  Maryland. 
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of  the  district,  the  right  amount  of  the  former  to  be  added,  being  cal- 
culated approximately  by  the  following  formula :  * 

1    Ouantitv  of  limestone  -  75-percent.  CaCO^  cementrock 

1.  yuanmy  of  limestone-  ^^^  ^^^^  ^^^^^  ^  limestone) -75^^°^' 

or,  if  desired  to  make  the  calculation  on  the  basis  of  the  lime  (CaO) 
content,  multiply  the  percentages  of  CaCO,,  of  the  analyses  by  .56,  and 
substitute  the  values  in  formula  2. 

o    A„««+,+^^*i;^«n4./.««««^-o«^r    42— (j^  CaO  in  cement  rock)  ^iaa 

2.  Quantity  of  limestone  necessary=-y-7  J^-^^ .   -,.   — r — tpt-  X 100. 

•^  •'       (j^CaOinhmestone)  — 42 

Either  of  these  formulas  will  give  the  amount  of  limestone  to  be  added 
to  every  100  pounds  of  cement  rock  to  make  the  mixture  approximately 
correct.  The  analyses  following  are  fairly  typical  of  the  composition  of 
the  better  grade  of  cement  rock  and  the  limestones  of  the  Lehigh  district 
with  which  they  are  mixed. 

Analyses  of  Cement  Rock.* 

Cement  rock.  Limestone. 

/ * T"^  f  * \ 

12  8  12 

Silica  (SiOt)    14.08        16.10        13.88  3.02  1.98 

Alumina   ( A1.0.)    .   2.20  6.68  1.90  0.70 

Ferric  oxide  (FeiO,)  

Calcium  carbonate  (CaCO,)   73.12  76.23  75.76  92.06  96.16 

Magnesium  carbonate  (MgCOi)  4.66  3.64  2.70  3.04  2.03 

*  Analyses  1  and  3  Cement  Rock,  Fred.  P.  Peck,  Economic  Geology,  VoL 
III,  p.  60. 

Analyses  2  Cement  Rock  and  1  and  2  Limestone,  Ala.  Geol.  Survey,  Bull, 
8,  p.  24. 

Calcium  carbonate  may  be  converted  to  the  equivalent  per  cent,  of 
lime  by  multipljdng  the  percentage  given  by  .56.  Also  MgCOj  may  be 
expressed  as  MgO  by  multiplying  the  per  cent,  of  MgCO,  by  47.6. 

Analysis  3  of  cement  rock  is  of  an  argillaceous  limestone  that  could 
be  burned  directly  into  Portland  cement  without  the  admixture  of  either 
lime  or  shale. 

Argillaceous  Materials, 
The  principal  argillaceous  materials  used  in  cement  manufacture  are 
clays,  shales,  and  slates  which  have  been  derived  from  the  decay  of 

♦  Moade,  R.  K.     Portland  Cements,  p.  38. 
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vai'ious  types  of  both  igneous  and  sedimentary  rocks.  They  are  similar 
chemically  but  different  in  their  physical  character.  As  regards  chemical 
composition  the  clays  are  much  more  irregular  than  either  the  shales  or 
slates.  Clays  are  composed  of  fine-grained,  only  partially  consolidated, 
sediments  which,  when  wet,  possess  the  property  of  plasticity.  These 
clayey  sediments,  of  which  shale  and  slate  are  indurated  representatives, 
consist  essentially  of  silica  and  alumina  with  accessory  iron  and  other 
substances  in  small  and  varying  amounts. 

Clays. — Clays  are  formed  in  many  ways  and  may  be  classified  accord- 
ing to  their  origin,  the  more  important  kinds  for  cement  manufacture 
being  transported,  residual,  and  glacial. 

Transported  clays  consist  of  land  debris  which  has  been  moved  along 
mechanically  by  frost  and  water  to  stream  bottoms  and  ultimately  to  the 
floor  of  the  sea  where  they  accumulate  through  the  failure  of  the  moving 
agents  to  transport  them.  Such  clays  are  divided  into  alluvial  clays, 
deposited  along  the  banks  of  streams,  and  sedimentary  clays  laid  down 
in  shallow  water  along  the  sea  coast. 

Residual  clay,  aside  from  a  small  percentage  of  humus  and  transported 
material  admixed  with  it  at  and  near  its  surface,  is  derived  for  the  most 
part  from  the  decay  of  the  solid  rock  upon  which  it  rests.  Its  thickness, 
nature,  and  extent  depend  upon  both  the  composition  and  physical 
character  of  the  underlying  rock  and  the  amount  and  regularity  of  dis- 
integration brought  about  by  the  various  natural  agencies  that  are  con- 
stantly at  work. 

Oladal  clays  are  absent  in  Maryland  but  are  found  in  most  of  the 
northern  states.  They  were  formed  under  and  about  the  front  of  glaciers 
and  deposited  in  and  along  the  banks  of  streams  fed  chiefly  by  the  melting 
of  glacier  ice.  To  the  manufacturer  of  Portland  cement,  however,  they 
are  not  of  very  great  interest  because  they  are  generally  wanting  in 
physical  homogeneity  and  chemical  uniformity. 

Of  the  classes  of  clays  that  have  been  mentioned  the  transported  clays 
are  by  far  the  most  important.  They  are  more  uniform  in  composition 
than  the  residual  clays  and  also  are  finer  in  grain  and  more  homogeneous 
physically.    The  residual  clays,  no  matter  from  what  sort  of  rock  they 
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of  the  district,  the  right  amount  of  the  former  to  be  added,  being  cal- 
culated approximately  by  the  following  formula :  * 

1    n„««4.;+«  r.f  i,-w,««+.v««—  75— percent.  CaCO, in  cement  rock^-^^ 

1.  Quantity  of  limestone  =  7 ^^      rr  nA~=~  r  "^:i n'-tcXIOO, 

•^  (per  cent.  CaCO,  m  limestone)  —  75  ' 

or,  if  desired  to  make  the  calculation  on  the  basis  of  the  lime  (CaO) 
content,  multiply  the  percentages  of  CaCO,,  of  the  analyses  by  .56,  and 
substitute  the  values  in  formula  2. 

2.  Quantity  of  limestone  necessary =^~(^^aOin^eE^  ^  ^^^ 
^          -^                                  -^       (j^  CaO  in  limestone)  —  42 

Either  of  these  formulas  will  give  the  amount  of  limestone  to  be  added 
to  every  100  pounds  of  cement  rock  to  make  the  mixture  approximately 
correct.  The  analyses  following  are  fairly  typical  of  the  composition  of 
the  better  grade  of  cement  rock  and  the  limestones  of  the  Lehigh  district 
with  which  they  are  mixed. 

Analyses  of  Cement  Rock.* 

Cement  rock.  Limestone. 


/ * — ^  f  *' \ 

12  8  12 


Silica  (SIO.)    14.08        16.10        13.88  3.02  1.98 

Alumina   ( A1.0.)    .   ^  ^^  ^.20  6.68  1.90  0.70 

Ferric  oxide  (FetO.)  

Calcium  carbonate  (CaCO,)    73.12  76.23  75.76  92.06  96.16 

Magnesium  carbonate  (MgCO.)  4.66  8.64  2.70  8.04  2.03 

*  Analyses  1  and  3  Cement  Rock,  Fred.  P.  Peck,  Economic  Geology,  Vol. 
Ill,  p.  60. 

Analyses  2  Cement  Rock  and  1  and  2  Limestone,  Ala.  Greol.  Survey,  Bull, 
8,  p.  24. 

Calcium  carbonate  may  be  converted  to  the  equivalent  per  cent,  of 
lime  by  mnltipljdng  the  percentage  given  by  .56.  Also  MgCO,  may  be 
expressed  as  MgO  by  multiplying  the  per  cent,  of  MgCO,  by  47.6. 

Analysis  3  of  cement  rock  is  of  an  argillaceous  limestone  that  could 
be  burned  directly  into  Portland  cement  without  the  admixture  of  either 
lime  or  shale. 

Argillaceous  Materials. 
The  principal  argillaceous  materials  used  in  cement  manufacture  are 
clays,  shales,  and  slates  which  have  been  derived   from  the  decay  of 

♦  M'^ade,  R.  K.     Portland  Cements,  p.  38. 
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various  types  of  both  igneous  and  sedimentary  rocks.  They  are  similar 
chemically  but  diflPerent  in  their  physical  character.  As  regards  chemical 
composition  the  clays  are  much  more  irregular  than  either  the  shales  or 
slates.  Clays  are  composed  of  fine-grained,  only  partially  consolidated, 
sediments  which,  when  wet,  possess  the  property  of  plasticity.  These 
clayey  sediments,  of  which  shale  and  slate  are  indurated  representatives, 
consist  essentially  of  silica  and  alumina  with  accessory  iron  and  other 
substances  in  small  and  varying  amounts. 

Clays. — Clays  are  formed  in  many  ways  and  may  be  classified  accord- 
ing to  their  origin,  the  more  important  kinds  for  cement  manufacture 
being  transported,  residual,  and  glacial. 

Transported  clays  consist  of  land  debris  which  has  been  moved  along 
mechanically  by  frost  and  water  to  stream  bottoms  and  ultimately  to  the 
floor  of  the  sea  where  they  accumulate  through  the  failure  of  the  moving 
agents  to  transport  them.  Such  clays  are  divided  into  alluvial  clays, 
deposited  along  the  banks  of  streams,  and  sedimentary  clays  laid  down 
in  shallow  water  along  the  sea  coast. 

Residual  clay,  aside  from  a  small  percentage  of  humus  and  transported 
material  admixed  with  it  at  and  near  its  surface,  is  derived  for  the  most 
part  from  the  decay  of  the  solid  rock  upon  which  it  rests.  Its  thickness, 
nature,  and  extent  depend  upon  both  the  composition  and  physical 
character  of  the  underlying  rock  and  the  amount  and  regularity  of  dis- 
integration brought  about  by  the  various  natural  agencies  that  are  con- 
stantly at  work. 

Ola^l  clays  are  absent  in  Maryland  but  are  found  in  most  of  the 
northern  states.  They  were  formed  under  and  about  the  front  of  glaciers 
and  deposited  in  and  along  the  banks  of  streams  fed  chiefly  by  the  melting 
of  glacier  ice.  To  the  manufacturer  of  Portland  cement,  however,  they 
are  not  of  very  great  interest  because  they  are  generally  wanting  in 
physical  homogeneity  and  chemical  uniformity. 

Of  the  classes  of  clays  that  have  been  mentioned  the  transported  clays 
are  by  far  the  most  important.  They  are  more  uniform  in  composition 
than  the  residual  clays  and  also  are  finer  in  grain  and  more  homogeneous 
physically.    The  residual  clays,  no  matter  from  what  sort  of  rock  they 
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are  derived,  generally  contain,  scattered  through  their  mass,  pieces  of 
nndecomposed  rock  of  diflPerent  sizes.  The  residual  clays  derived  from 
limestones  generally  contain  nodules  of  chert  and  small  pieces  of  nnde- 
composed calcium  carbonate,  while  those  derived  from  granite,  for  in- 
stance, are  more  likely  to  contain  diflBcultly  fusible  minerals  like  quartz. 

The  difference  in  composition  of  the  transported  and  residual  clays  is 
due  to  the  difference  of  origin  and  to  the  further  fact  that  the  trans- 
ported clays  are  derived  largely  from  the  residual  clays.  The  former 
contain  finer  and  more  uniform  particles  resulting  from  the  reworking 
of  the  residual  clays  into  branches,  creeks,  and  rivers,  and  the  subsequent 
separation  of  the  coarse  and  fine  material  by  the  sorting  action  of  run- 
ning water. 

A  clay  to  be  suitable  for  use  in  the  manufacture  of  cement  should  be 
homogeneous  physically,  fine-grained,  and  of  correct  and  uniform  com- 
position throughout.  The  presence  of  sand  and  of  nodules  of  various 
sorts,  particularly  flint  and  quartz,  if  present  to  any  considerable  extent, 
are  extremely  objectionable  and  may  make  an  otherwise  acceptable  deposit 
altogether  worthless. 

The  clay  for  Portland  cement  manufacture  should  contain  at  least  55 
per  cent.,  but  preferably  between  60  and  70  per  cent.,  of  silica.  It  should 
be  low  in  magnesia  and  alkalies,  preferably  not  over  3  per  cent.,  and 
low  in  sulphides  or  sulphur.  Clays  may  often  contain  considerable  mag- 
nesia without  rendering  them  unfit  for  use  in  cement  manufacture,  par- 
ticularly when  they  are  to  be  used  with  limestones  low  in  magnesia.  They 
should  not  contain  too  much  iron,  and  usuallv  this  should  not  be  more 
than  one-third  of  the  alumina.  The  sum  of  the  percentages  of  alumina 
and  iron  should  not  be  more  than  one-half  the  percentage  of  silica,  and  the 

SiO 

clay  will  usually  be  better  the  nearer  the  percentage  ratio     ,— ^      ^  tv  =3 

is  approached. 

Clays  are  divided  into  "  normal ''  and  "  limey  "  clays  according  to  their 
content  of  magnesia  (MgO)  and  lime  (CaO).  If  the  sum  of  these 
oxides  exceeds  *  5  per  cent,  the  clay  is  called  a  limey  clay,  and  if  it 

*  Eckel,  E.  C.    Cements,  Limes,  and  Plasters,  p.  354. 
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contains  less  than  5  per  cent,  of  lime  and  magnesia  it  is  referred  to  as 
a  normal  clay.  Below  are  given  a  number  of  analyses  of  both  normal 
and  limey  clays  actually  used  in  Portland  cement  manufacture: 

Analyses  of  Normal  and  Limey  Clays  used  in  the  Manufacture  of 

Portland  Cement. 

Normal  Clays.*  Limey  Clays. 

/ *> •         / ^ \ 

12  8  12  8 

Silica   (SiOa)    53.30  63.82  57.25  55.27  47.45  61.70 

Alumina  ( A1.0.)   23.29|  r  10.20 1  ^^  gg  ^g  ^0 

Ferric  oxide  (Fe,0,)    9.52  f  \    3.40  J 

Lime  (CaO)    0.36  3.42  3.09  9.12  17.80  8.40 

Magnesia    (MgO)    1.49  n.  d.  1.10  5.73          0.09  2.91 

Alkalies   (K,0  +  Na,0)    ...    n.  d.  n.  d.  1.88  n.  d.          4.34  n.  d. 

Sulphur  Trioxide  (SOg)    ..    n.  d.  n.  d.  0.39  n.  d.          1.03  n.  d. 

Carbon  dioxide  (CO,)    . . . .    n.  d.\  fn.  d.         n,d.\ 

Water   (H,0)    n.d./  ^'^^  ^'^^  \n.A,         n.d.J  ^^'^^ 

—      -—  1.62  2.52  2.19  4.06  2.39  3.48 

Fe^Og  +  AUG, 


1.  White  Cliffs  Portland  Cement  1.  Sandusky     Portland     Cement 
Company,  White  Cliffs,  Arkansas.  Company,  Syracuse,  Indiana. 

2.  Peninsular     Portland     Cement  2.  Buckeye  Portland  Cement  Com- 
Company,  Cement  City,  Michigan.  pany.  Harper,  Ohio. 

3.  Pacific  Portland  Cement  Com-  3.  Wabash  Portland  Cement  Com- 
pany, California.  pany,  Stroh,  Indiana. 

*  Eckel,  E.  C.    Cements,  Limes,  and  Plasters,  p.  355. 

Shales  and  Slates. — Shales  and  slates  have,  as  has  been  noted,  es- 
sentially the  same  composition  as  clays,  that  is,  the  chief  and  important 
constituents  are  silica,  alumina,  and  iron,  with  varying  small  amounts 
of  other  substances.  Except  in  the  manufacture  of  Portland  cement  from 
marls  by  the  wet  process,  shales  and  slates  are,  on  the  whole,  preferred 
to  clays,  even  though  they  are  harder. 

Like  the  clays,  both  shales  and  slates  vary  widely  in  chemical  com- 
position, but  within  a  limited  area  they  show  as  a  general  rule  a  much 
greater  homogeneit}'  than  clays  do,  and  also  much  more  uniformity  in 
chemical  composition.    This  is  due  primarily  to  their  difference  in  origin. 

The  hardness  and  fissility,  characteristic  of  shales,  are  due  to  the  press- 
ure to  which  the  original  unconsolidated  clayey  sediments  were  subjected 
subsequent  to  their  deposition.    The  same  sort  of  sediments,  as  the  result 
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of  metamorphism^  may  be  changed  to  slates  which  differ  from  the  shales 
not  only  in  their  greater  and  more  perfect  fissility,  but  in  the  further 
fact  that  the  cleavage  is  a  secondary  property  which  may  or  may  not  be 
parallel  to  the  planes  of  stratification. 

Because  of  their  wider  occurrence  and  their  more  favorable  situation, 
with  respect  to  limestones^  shales  are  far  more  extensively  used  in  Port- 
land cement  manufacture  than  slates. 

The  term  shale,  as  popularly  used,  refers  to  a  rock  with  more  or  less 
marked  cleavage,  fine-grained  and  uniform  in  composition,  consisting 
essentially  of  silica,  alumina,  and  iron,  in  variable  proportions.  For 
example,  there  are  shales  high  in  silica,  the  so-called  siliceous  shales,  and 
then  again  there  are  those  high  in  iron  and  alumina,  etc.,  besides  which 
there  are  also  calcareous  shales,  containing  an  exceptional  amount  of  lime, 
and  carbonaceous  shales  characterized  in  certain  exceptional  instances  by 
the  presence  of  as  much  as  12  to  14  per  cent,  of  carbon. 

Shales,  however,  to  be  used  in  the  manufacture  of  Portland  cement 
must  meet  certain  clearly  defined  specifications  with  regard  to  chemical 
composition.    These  are  briefly  enumerated  as  follows : 

They  should  be  preferably  low  in  magnesia,  and  should  not  exceed 
in  any  case  an  amount  which  would  cause  the  content  of  magnesia  in 
the  cement  to  be  greater  than  4  per  cent. 

The  ratio  of  silica  to  alumina  should  be  between  2.5  to  1  and  4  to  1. 

The  content  of  sulphur  should  be  preferably  low,  not  exceeding  5 
per  cent. 

The  shale  should  also  contain  at  least  3  per  cent,  of  ferric  oxide  for 
fluxing  purposes,  but  not  enough  to  cause  the  ferric  oxide  in  the  cement 
to  exceed  4  per  cent.    The  nearer  the  ratio 


SiO, 


=  3 


AlA  +  FeA 

is  approached  the  better  is  the  quality  of  the  shale.    There  should  be  at 
least  55  per  cent,  of  silica,  but  preferable  between  60  and  70  per  cent. 

To  clays  or  shales  which  are  slightly  low  in  silica  and  high  in  alumina 
the  ratio  between  the  two  mav  be  corrected  often  by  the  addition  of 
small  amounts  of  finely  ground  sandstone  or  sand.     Likewise  if  it  is 
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slightly  low  in  ferric  oxide  this  may  be  added  in  the  form  of  the  iron 
ore,  hematite. 

The  shale  may  be  absolutely  abnormal,  however,  and  still  prove  satis- 
factory if  the  limestone  with  which  it  is  to  form  a  mixture  has  such  a 
composition  that  in  its  abnormality  it  supplements  and  remedies  the 
defects  in  the  shale  or  slate,  the  two  forming  a  normal  and  correctly 
proportioned  mixture  fit  for  burning  into  Portland  cement. 

Below  are  given  the  analyses  of  some  of  the  shales  used  in  diflPerent 
American  cement  plants,  including  the  normal  shales,  where  the  sum 
of  the  lime  and  magnesia  is  less  than  5  per  cent.,  and  the  limey  shales, 
where  the  content  of  the  two  is  higher  than  the  figure  just  mentioned: 

Analyses  of  Shales  used  in  the  Manufactube  of  Portland  Cements. 


•571  o^  CO  f  20.60     20.561  „,  „^     ^,  ,^ 


Normal  Shales.*  Limey  Shales. 

/ * \     < -^ 

12  8  4  12  8  4 

Silica   (SiO,)    60.00  59.64  65.99  54.70     53.12  67.46  57.50  53.63 

Alumina  (A1,0,)   23.26  19.14  21.57 K^  oo  f  20.60  20.56 

Ferric  oxide  (FetO.) . . .     4.32  7.59  6 

Lime  (CaO)    0.90  0.26  0.47  1.15      4.02  4.27  12.19  6.94 

Magnesia  (MgO)   1.12  2.31  0.82  n.  d.      2.24  3.17  1.93  1.79 

Alkalies    (K,O.NajO)    .    n.  d.  4.33  n.  d.  n.  d 

Sulphur  trioxide  (SO,),    n.  d.  n.  d.  n.  d.  n.  d.     n.  d.  0.35  n.  d.  n.  d. 

Carbon  dioxide  (CO,)..     6.16  4.71  n.  d.  n.  d.    13.70  8.15  n.  d.  10.03 

SiO,  —    —    —    —    —    —    —    — 

Al,0,  +  Fe,0, ^-^^       ^'^^      ^'^^      ^"^^      ^'^^      ^'^^      ^-^^      ^'^^ 

1.  Ironton  Portland  Cement  Com-  1.  Chicago  Portland  Cement  Com- 
pany, Ironton,  Ohio.  pany,  Oglesby,  111. 

2.  Lehigh  Portland  Cement  Com-  2.  Alpena  Portland  Cement  Com- 
pany, Mitchell,  Indiana.  pany,  Alpena,  Mich. 

3.  Crescent  Portland  Cement  Com-  3.  Cayuga  Portland  Cement  Com- 
pany, Wampum,  Pa.  pany,  Portland  Point,  N.  Y. 

4.  Hudson  Portland  Cement  Com-  4.  Virginia  Portland  Cement  Com- 
pany, Hudson,  N.  Y.  pany,  CraigsvlUe,  Va. 

*  Eckel,  E.  C.    Cement,  Limes,  and  Plasters,  p.  357. 


LOCATION    OP   A    PORTLAND    CEMENT    PIJLNT. 

The  following  factors  have  to  be  considered  in  locating  a  cement  plant 
or  any  industrial  enterprise  dependent  on  the  use  of  either  limestone  or 
shale,  or  the  use  of  them  both  together: 


302  The  Limestones  of  Maryland 

1.  Location  of   deposit,   with   respect   to   transportation   routes   and 
markets. 

2.  Amount  of  material  available. 

3.  Chemical  composition  of  material. 

4.  Fuel  supply. 

Location  with  Respect  to  Transportation  Routes  and  Markets. 

One  of  the  first  factors  influencing  the  location  of  a  proposed  cement 
plant  is  its  relation  to  transportation  routes  and  markets.  Unless  the 
proposed  site  is  near  a  railroad  or  water  route  along  which  the  necessary 
raw  materials  and  finished  products  may  be  moved  economically  all 
profits  of  manufacture  are  likely  to  be  absorbed  in  meeting  the  prices  of 
competing  concerns  more  favorably  situated.  To  acquire  satisfactory 
freight  rates  it  is  necessar)'  to  select  sites  near  friendly  transportation 
lines  or  where  low  rates  may  be  secured  through  the  competition  of  rival 
carriers.  The  distance  from  large  and  well-established  markets  is  another 
prime  factor,  since  for  its  value  Portland  cement  is  a  heavy  and  rather 
bulky  commodity.  The  margin  between  cost  of  manufacture  and  selling 
price  may  easily  be  absorbed  by  the  increased  freight  charges  involved  in 
long  haulage. 

Location  with  Respect  to  Raw  Materials. 

In  searching  for  a  limestone  intended  for  the  manufacture  of  Portland 
cement,  a  great  amount  of  preliminary  information  may  be  had  from 
the  reports  that  have  been  issued  by  the  Maryland  Geological  Survey  and 
the  Federal  Government.  The  prospector  before  starting  out  should  obtain, 
therefore,  all  the  data  available  from  these  sources  and  take  into  the 
field,  provided  tliey  are  to  be  had,  both  topographic  and  geological  maps 
of  the  region  in  which  suitable  material  is  sought.  The  geological  maps 
will  show  the  areal  distribution  of  formations,  and  the  reports  will  give 
their  thickness  and  more  or  less  information  as  to  the  quality  of  the 
materials  of  which  they  are  composed.  The  maps  will  further  show  the 
relations  of  shales  and  limestones  which  should  occur  near  one  another, 
and  the  occurrence  of  both  with  regard  to  water,  transportation  facilities. 
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etc.,  and  distances  from  the  leading  markets.  From  these  facts  the  in- 
vestigator, be  he  a  geologist,  mining  engineer,  or  even  an  untrained  pros- 
pector acting  for  himself,  or  another,  may  decide  in  what  particular  dis- 
trict it  would  probably  be  best  to  locate  and  where  detailed  work  may  be 
pursued  with  the  best  chances  of  finding  sufficient  material  of  a  composi- 
tion suitable  for  the  purpose. 

One  can  hardly  expect,  however,  to  find  in  geological  reports  the  de- 
tailed information  as  to  the  quantity  and  tlie  quality  of  material  occur- 
ring within  the  limits  of  any  particular  property.  The  presentation  of 
the  facts  in  these  reports  must  necessarily  be  more  or  less  general.  In- 
formation of  the  sort  that  is  required  before  the  investor  would  be  justi- 
fied in  making  a  purchase  must  be  had,  therefore,  by  employing  either  a 
first-class  geologist,  chemist,  or  mining  engineer,  to  make  an  examination 
and  render  an  opinion,  together  with  the  facts  upon  which  it  is  based. 

Determination  of  Quantity. — In  determining  the  available  quantity 
of  limestone  or  shale  the  first  step  is  to  measure  its  thickness,  not  along 
the  surface  of  outcrop,  but  along  a  line  perpendicular  to  the  planes  of 
stratification,  or,  in  other  words,  perpendicular  to  the  direction  of  dip. 
In  Figure  17,  for  instance,  the  limestone  is  overlain  by  shale  and  the 
direction  of  the  dip  is  represented  by  the  line  EH.  The  thickness  should, 
therefore,  be  measured  along  the  line  EO,  which  is  equal  to  the  sum  of 
the  thicknesses  of  the  individual  beds  between  0  and  H,  The  thickness 
of  the  limestone  bed  represented  in  Figure  18  is  equal  to  AB,  less  the 
thickness  of  the  soil  covering,  but  if  a  ravine  or  railroad  cut  should 
expose  the  stone  along  CD  the  thickness  would  be  obtained  by  measuring 
along  this  exposure  perpendicular  to  the  bedding;  or  the  same  value 
could  be  computed  by  multiplying  the  distance  measured  along  CD  by 
the  natural  sine  of  the  angle  between  CD  and  the  horizontal.  With  the 
thickness  thus  obtained,  and  a  knowledge  of  the  direction  of  the  strike, 
it  becomes  an  easy  matter  to  calculate  the  quantity  of  material.  If,  for 
instance,  a  limestone  bed  200  feet  thick  outcrops  and  can  be  traced  for 
a  distance  of  2500  feet  across  a  certain  property  and  can  be  worked  to  a 
depth  of  100  feet,  along  the  dip  the  number  of  available  cubic  feet  of 
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stone  is  obtained  by  multiplying  these  values.  A  cubic  foot  of  limestone 
is  taken  at  160  pounds^  and  therefore  the  value  in  pounds  would  be 
200x100x2500x160.  This  product  divided  by  2000  would  give  the 
value  in  tons  which  in  this  case  would  amount  to  4,000,000  short  tons^  or 
enough  material  to  last  a  five-kiln  Portland  cement  plant  for  over  50 
years,  each  kiln  consuming  yearly  close  to  15,000  tons  of  limestone. 
About  one-third  tliis  amount  of  shale,  or  5000  tons  per  kiln,  would  have 
to  be  provided  for  annually  to  mix  and  burn  with  the  limestone.  In 
order  to  have  the  supply  of  shale  last  for  as  long  a  period  as  the  limestone, 
the  shale  property  should  contain  about  1,500,000  tons  of  shale,  all  of 
which  should  be,  like  the  limestone,  susceptible  of  economic  quarrying. 
The  quantity  of  shale  is  calculated  as  the  tonnage  of  limestone  was,  with 
the  exception  that  the  shale  is  estimated  as  weighing  less  than  the  lime- 
stone, or  from  125  to  130  pounds  per  cubic  foot. 

Before  a  Portland  cement  plant  is  located  there  should  be  suflBcient 
raw  material  in  sight  to  ensure  an  unfailing  supply  for  a  period  of  at 
least  25  years,  estimating  the  capacity  of  the  plant  at  from  2000  to 
2500  barrels  a  day.  The  tonnage  of  shale  and  limestone  required  may 
be  estimated  approximately  from  the  table  below,  taken  from  "The 
Lime  and  Cement  Eesources  of  Missouri,"  bv  H.  A.  Buehler.  As  stated 
by  the  author  the  table  was  compiled  to  show  "  the  approximate  number 
of  acres  of  shale  and  limestone  required  to  supply  a  Portland  cement 
factory  having  a  capacity  of  2500  barrels  per  day."  It  is  obvious,  of 
course,  as  the  compiler  of  the  table  observes,  that  the  values  given  are 
only  and  can  be  only  approximate,  because  of  the  varying  quantity  of 
limestone  and  shale  that  enter  into  different  mixtures  ready  for 
burning. 

As  stated  elsewlicre  in  this  report,  both  the  sliale  and  limestone  may 
be  abnormal,  and  yet  mixed  in  proper  proportions  with  due  regard  to 
the  chemical  composition  of  each,  yield  a  mixture  which  would  bum 
to  a  clinker  that  may  be  ground  into  a  cement  capable  of  meeting  the 
most  rigid  requirements.  The  figures  given  in  the  table  below  are 
based  on  statistics  gathered  in  Missouri  where  "  an  average  of  132 
pounds  of  shale  and  465  pounds  of  limestone  are  used  to  produce  a  barrel 
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of  Portland  cement/'  *  The  weight  of  a  cubic  foot  of  limestone  is 
taken  at  168  pounds,  and  the  weight  of  a  cubic  foot  of  shale  is  taken  at 
150  pounds.  Both  these  weights  appear  to  be  rather  high,  particularly 
that  quoted  for  a  cubic  foot  of  shale. 

The  reader  is  cautioned  against  putting  too  much  reliance  on  a  table 
like  the  above,  except  as  indicated,  i.  e.,  to  obtain  approximate  values. 
The  only  means  of  knowing  the  amount  of  limestone  and  shale  needed 
in  any  particular  case  is  from  the  chemical  composition  of  both. 

Examinations  of  limestone  and  argillaceous  deposits  soon  disclose  the 
fact,  that  when  the  two  are  sought  for  use  in  the  manufacture  of  Port- 
land cement,  it  is  much  more  difficult  to  find  deposits  of  the  former 
having  the  correct  chemical  composition  than  it  is  to  locate  a  suitable 
shale.  This  is  because  most  of  the  limestones  contain  more  than  the 
permissible  amount  (5  to  6  per  cent.)  of  magnesia.  Limestones  low  in 
magnesia  are  scarce,  and  large  deposits  suitably  situated  and  of  the 
proper  composition  for  making  Portland  cement  are  rare  enough  to 
make  them  "  as  valuable  as  a  good  iron  ore  deposit." 

When  shales  and  limestones  are  used  in  Portland  cement  manufacture 
about  75  per  cent,  of  the  mixture  consists  of  limestone  which  is  com- 
posed essentially  of  calcium  carbonate.  If  the  limestone  contains  a  con- 
siderable percentage  of  clayey  matter  it  may  be  necessary  to  add  a  purer 
limestone,  and  conversely,  if  the  limestone  is  very  pure  there  must  be  a 
proportional  increase  in  the  mixture  of  argillaceous  limestone  or  of 
those  materials  composed  essentially  of  silica,  alumina,  and  iron,  such  as 
clays,  shales,  etc.  In  selecting  properties  to  furnish  the  raw  materials 
for  a  cement  plant,  provision  must  be  made  for  a  tonnage  of  limestone 
amounting  to  about  three  times  that  of  the  shale.  Thus,  to  reiterate, 
limestone  is  the  principal  and  controlling  ingredient  of  the  cement 
mixture.  Therefore,  in  choosing  a  site  for  a  cement  plant  which  con- 
sumes about  three  times  as  much  limestone  as  shale,  the  first  and  most 
important  step  is  to  find  an  area  where  the  limestone  of  suitable  composi- 
tion is  present  in  abundance.    If  the  limestone  and  shale  should  happen 

♦  Buehler,  H.  A.    The  Lime  and  Cement  Resources  of  Missouri,  p.  45. 
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to  be  some  distance  apart,  the  plant  should  be  located  on  the  property 
containing  the  former. 

Determination  of  Quality. — In  the  search  for  a  property  of  the 
sort  just  mentioned  one  will  encounter  property  after  property  where 
limestone  occurs  in  abundance  and  suitably  situated  which  is  unacceptable 
because  the  limestone  is  too  high  in  magnesia. 

That  the  search  for  suitable  material  may  progress  rapidly  and  the 
cost  of  chemical  analyses  be  lowered  to  a  minimum,  it  becomes  necessary 
to  eliminate  such  properties  as  fast  as  possible.  This  can  be  accom- 
plished if  some  inexpensive  and  sufiSciently  accurate  method  is  em- 
ployed in  the  field  that  will  indicate  the  relative  content  of  magnesia 
in  the  various  limestones  encountered. 

Limestones  containing  15  to  20  per  cent,  of  magnesia  may  be  detected 
by  the  fact  that  when  treated  with  acid  they  effervesce  and  give  off  carbon 
dioxide  (COj)  less  freely  than  limestones  in  which  the  content  of  mag- 
nesia is  somewhat  less  than  the  amounts  mentioned.  While  this  method 
of  determining  magnesian  limestone  is  good  enough  as  far  as  it  goes, 
it  fails  to  go  quite  far  enough.  Cement  specifications  call  for  lime- 
stones in  which  the  magnesia  (MgO)  content  is  not  over  0.2  to  3.5  per 
cent,  and,  therefore,  a  more  accurate  method  is  desirable.  Such  a  field 
method  was  worked  out  by  Mr.  J.  J.  Porter,  Associate  Professor  of 
Metallurgy  at  the  University  of  Cincinnati,  when  employed  as  an 
assistant  in  the  laboratory  of  Mr.  Charles  Catlett,  of  Staunton,  Virginia, 
and  is  given  below: 

Field  Test  fob  Magnesia. 

THEORY. 

This  method  is  based  on  the  fact  that  while  calcium  hydrate  is  very  soluble 
in  a  solution  of  cane  sugar,  magnesium  hydrate  is  only  slightly  so.  This  gives 
us  a  means  of  precipitating  magnesia  jn  the  presence  of  lime,  obviating  the 
necessity  of  a  tedious  preliminary  separation  of  lime. 

Iron  is  removed  from  the  solution  by  boiling  with  an  excess  of  pure  calcium 
carbonate  by  which  it  is  precipitated  as  a  hydrate,  so  that  it  can  be  filtered 
off  with  the  insoluble  matter.  If  left  it  would  be  held  in  solution  by  the  sugar, 
but  the  color  would  be  a  disturbing  Influence.  As  ammonia  salts  have  a 
strong  solvent  action  on  magnesia  hydrate,  soda  or  potash  is  used  as  the 
precipitant,  and  this  also  serves  the  purpose  of  holding  the  alumina  in 
solution. 
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Manganese  and  zinc,  if  present  in  large  amounts,  will  interfere  sllgrhtly. 
Their  hydroxides  are  redissolved  by  soda  and  sugar,  but  slowly,  and  a  no- 
ticeable turbidity  usually  remains.  Barium  also  gives  a  turbidity,  probably 
due,  however,  to  traces  of  sulphates  in  reagents.  These  elements,  as  well  aa 
others  which  might  interfere,  rarely  occur  in  more  than  minute  traces  in 
limestone,  so  that  the  value  of  this  test  for  technical  work  is  unaffected. 

REAGENTS. 

1:  1  Hydrochloric  acid.  One  volume  hydrochloric  acid  of  1.20  specific  gravity 
plus  one  volume  of  water. 

A  30  per  cent  solution  of  sodium  hydrate.  Thirty  grams  of  sodium  hydrate 
(pure  by  alcohol)  to  100  cc.  of  water.    This  must  be  free  from  carbonate. 

Sugar  solution.    A  cold  saturated  solution  of  granulated  sugar. 

Calcium  carbonate  c.  p.  precipitated. 

Standard  limestones  as  needed,  powdered  to  40  mesh. 

Apparatus. 

A  small  steel  mortar  for  powdering  samples. 

Small  sieve,  40  mesh. 

Measuring  spoon,  holding  between  .4  and  .5  grams  of  40  mesh  limestone 
powder,  level  full. 

Twelve  test  tubes  with  mark  at  10  cc. 

Stand  to  hold  12  test  tubes  in  two  rows. 

A  pipette,  1%  cc,  for  sugar  solution. 

A  pipette  1  cc,  for  sodium  hydrate. 

Six  small  funnels. 

Filter  papers  to  fit,  uniform  size. 

Test  tube  holder. 

Alcohol  lamp. 

Water  bottle. 

Test  tube  brush. 

All  of  the  above  apparatus  may  be  packed  in  a  small  box  having  inside 
dimensions  of  11"  x  T'^  x  r. 

Method. 

Crush  and  powder  sample  in  mortar  and  sift.  Pour  this  powder  into  a 
measuring  spoon  and  level  oft  by  knife  blade  or  card.  Transfer  the  measured 
portion  to  test  tube. 

Add  now  from  pipette  1%  cc.  of  acid,  and  when  effervescence  has  nearly 
ceased,  boil  for  a  moment.  Add  next  sufficient  of  the  pure  calcium  carbonate 
and  neutralize  the  excess  acid.  Boil  until  steam  issues  freely  from  the  mouth 
of  the  test  tube  in  order  to  drive  out  all  the  carbon  dioxide.  Add  water  to  the 
10  cc-mark  and  mix  thoroughly  by  shaking  the  test  tube. 

In  another  test-tube  place  by  means  of  the  proper  pipettes  1%  cc.  of  sugar 
solution,  1  cc.  of  sodium  hydrate  solution  and  dilute  with  water  to  the  10  cc- 
mark.  Then  filter  the  solution  of  the  stone  allowing  the  filtrate  to  run  in 
the  alkaline  sugar  solution.  If  magnesia  is  present  a  precipitate  of  mag- 
nesium hydrate  will  form  at  the  line  of  contact  of  the  two  solutions,  and 
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after  the  filter  has  drained  these  solutions  should  be  mixed  by  inverting  the 
test  tube. 

The  density  of  this  precipitate  is  roughly  indicative  of  the  percentage  of 
magnesia  in  the  stone,  and  by  comparison  with  standard  stones  run  in 
parallel  this  percentage  can  be  estimated  fairly  accurately,  the  probable  error 
not  being  greater  than  20  per  cent,  of  the  amount  of  the  magnesia  present. 

NOTE  AND  PBECAUTIONS. 

The  fineness  of  the  stone  affects  the  weight  held  by  the  measuring  spoon 
and  also  the  ease  of  solution,  hence  the  need  of  sifting. 

There  should  be  sufficient  acid  to  dissolve  thoroughly  all  the  carbonates  of 
the  stone  and  this  condition  is  assured  if  the  resulting  solution  is  yellow 
from  ferric  chloride.  At  the  same  time  it  is  desirable  to  have  the  smallest 
possible  excess  of  acid,  since  the  presence  of  alkaline  chlorides  decreases  very 
materially  the  delicacy  of  the  test. 

The  object  of  the  calcium  carbonate  is  twofold.  It  precipitates  the  iron,  and 
it  creates  a  condition  of  uniformity  as  to  the  neutrality  of  the  solution  which 
is  very  essential  for  comparative  results. 

It  is  desirable  that  all  the  filter  papers  used  in  a  series  of  tests  be  of 
uniform  size  and  quality  of  paper,  so  that  they  may  retain  a  uniform  amount 
of  the  stone  solution. 

The  method  of  adding  the  reagents  is  important  and  it  should  be  closely 
followed. 

Sugar  has  a  much  greater  influence  in  preventing  the  precipitation  of 
magnesium  hydrate  than  in  dissolving  it  after  it  has  formed,  and  if  the 
sugar  be  added  to  the  stone  solution  before  the  alkali,  the  delicacy  of  the 
test  is  very  much  lessened. 

After  trying  all  sorts  of  methods  the  one  given  above  has  been  found  to 
give  the  most  satisfactory  results,  both  as  to  delicacy  and  reliability. 

It  is  of  course  essential  that  the  sodium  hydrate  contain  no  carbonate, 
and  it  should,  therefore,  be  occasionally  tested  by  barium  hydrate  or  by  a 
solution  of  lime  and  sugar. 

The  magnesium  hydrate  precipitate  frequently  comes  down  of  a  greenish 
color.  The  cause  of  this  I  have  been  unable  to  determine,  but  it  is  most 
prominent  in  those  samples  containing  carbonaceous  organic  matter.  Possibly 
it  is  due  to  a  trace  of  ferrous  iron  produced  by  the  carbonaceous  matter.  This 
color  apparently  causes  the  precipitate  to  appear  somewhat  more  dense  and 
opaque,  and  therefore  should  be  allowed  for  in  making  comparisons.  With  a 
little  practice  this  is  not  difficult,  particularly  if  the  comparison  is  made  by 
transmitted  light. 

With  the  procedure  outlined  above  the  best  conditions  for  comparison  are 
obtained  from  stones  ranging  up  to  4  per  cent,  magnesia.  Percentages  above 
this  give  a  precipitate  so  dense  as  to  make  eomparison  very  difficult  and 
uncertain.  Dilution  to  a  larger  volume  before  comparison  is  of  great  assist- 
ance in  these  cases,  but  if  much  work  were  to  be  done  exclusively  on  high 
magnesia  samples,  it  would  be  preferable  to  filter  oft  an  aliquot  part  (one-half 
or  one-fourth)  of  the  stone  solution. 
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Pure  limestone,  when  treated  with  dilute  hydrochloric  acid,  will 
disintegrate  entirely  and  pass  into  solution  according  to  the  reaction: 

limestone  +  acid  =  calcium  chloride  +  carbonic  acid 
CoiC08  +  2HCl=  CaClj  +       HjCO, 

The  carbonic  acid  breaks  down  to  water  and  carbon  dioxide.  It  is  this 
reaction,  H,C08=H20-f  COj,  that  causes  the  effervescence  that  is  ob- 
served when  limestones  are  touched  by  or  immersed  in  certain  dilute 
acids,  particularly  hydrochloric. 

If  a  splinter  of  limestone  is  put  into  a  test  tube  and  effervesces,  and 
then  effervescence  ceases  without  dissolving  all  of  the  calcium  carbonate 
as  a  result  of  a  precipitate  or  coating  forming  on  the  splinter,  it  indicates 
that  if  this  limestone  is  used  it  must  be  mixed  with  one  higher  in  its 
content  of  calcium  carbonate.  On  the  other  hand,  if  all  the  calcium 
carbonate  is  dissolved  from  the  splinter  of  stone  and  the  latter  still 
retains  approximately  the  outline  of  its  former  shape,  the  limestone  is 
probably  very  close  to  being  what  is  commonly  known  as  "  cement  rock," 
requiring  before  burning  the  addition  of  very  little,  if  any  other, 
material. 

The  limestones  high  in  magnesia  can  be  distinguished  to  a  certain 
extent  by  their  physical  appearance.  Not  only  are  they  slightly  harder 
and  less  easily  weathered  than  the  limestones  in  which  the  content  of 
magnesia  is  low  or  entirely  absent,  but  on  fresh  fracture  they  have  a 
duller  luster,  a  rather  saccharoidal  texture,  and  present  a  coarser,  less 
smooth,  and  less  fine-grained  surface.  Broadly  speaking,  the  low  mag- 
nesian  limestones  (2  to  5  por  cent.  MgCOj)  have  a  satiny  luster,  while 
the  luster  of  the  high-magnesian  limestones  is  less  marked.  This  is 
particularly  true  of  the  Shenandoah  limestones  of  the  Hagerstown  and 
Frederick  valleys,  but  is  a  rough  diagnostic  that  is  of  no  value  whatever 
in  the  Piedmont,  where  the  physical  appearance  of  the  limestone  is  quite 
different.  The  limestones  .of  the  Piedmont  are  dominantly  white  and 
ervstalline,  while  the  Shenandoah  are  less  crystalline  and  vary  in  color 
from  blue  and  gray  to  a  light  dove  color.  The  magnesia,  when  the 
content  in  the  Piedmont  limestone  is  high,  is  often  evidenced  by  the 
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presence  of  the  mica,  phlogopite,  which  is  one  of  the  numerous  minerals 
found  in  crystalline  limestones  as  the  result  of  metamorphism. 

Sampling  and  Drilling. — The  manufacture  of  cements,  particularly 
Portland  cement,  is  a  strictly  chemical  process,  as  much  so,  and  in  the 
accuracy  of  its  details  almost  more  so,  than  the  manufacture  of  iron. 
Therefore,  it  is  extremely  essential  that  the  substances  used  should  have 
not  only  a  uniform  composition,  but  should  have  a  composition  that 
fulfils  all  the  chemical  requirements.  Hence,  in  locating  a  site  for  a 
plant,  the,  materials  to  be  used  should  be  sampled  with  the  greatest  care. 
The  whole  success  of  the  undertaking  depends  upon  the  care  and  manner 
and  accuracy  with  which  this  is  done. 

The  samples  should  be  taken  so  that  every  inch  of  the  rock  to  be 
employed  will  be  represented  in  the  sample.  These  should  be  taken 
perpendicular  to  the  bedding,  though  this  is  not  necessary  if  every  bed 
is  sampled  at  the  same  angle.  However,  the  first  method  is  easier  and 
accompanied  by  less  danger  of  error.  Samples  might  be  taken  by  some 
mechanical  means,  such  as  drilling,  by  which  each  bed  would  be  samples 
at  the  same  angle,  but  in  the  work  of  preliminary  examinations  this 
would  involve  a  large,  and  oftentimes  unnecessary,  expense.  If  the  beds, 
however,  should  happen  to  be  horizontal,  or  approximately  horizontal, 
and  not  shown  anywhere  in  vertical  section  on  the  particular  property 
under  examination,  then  drilling  would  be  the  only  proper  and  possible 
course  of  getting  samples. 

There  is  a  widespread  impression,  however,  that  every  property  upon 
which  a  cement  plant  is  to  be  located  should  be  and  can  only  be  thoroughly 
sampled  by  diamond  drilling.  This  is  due  largely  to  the  misleading 
statements  that  have  appeared  in  many  of  the  various  cement  company 
prospectuses,  but  to  a  certain  extent  is  due  also  to  the  manner  in  which 
some  writers  on  the  subject  have  unduly  emphasized  the  accuracy  of  this 
particular  method  of  sampling  as  against  all  others. 

It  seems,  therefore,  not  out  of  place  in  this  connection  to  show  those 
geological  conditions  which  demand  drilling,  and  those  where  it  is 
unnecessary,  and  where  a  cheaper  and  sufficiently  accurate  method  may 
be  substituted  in  its  stead. 
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The  two  drawings  on  this  page  show  in  the  case  of  Pigare  IT  horizontal 
strata,  and  in  the  ease  of  Figure  18  strata  that  have  been  considerably 
tilted.  The  thickness  of  the  linteatone  in  both  cases  is  obtained  by 
measuring  perpendicular  to  the  bedding.    In  general,  limestone  occupy- 
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ing  the  horizontal  position  shown  in  Figure  17  could  only  be  sampled 
by  use  of  the  diamond  drill,  while  that  inclined  and  dipping  from  the 
horizontal  as  seen  in  Figure  IS  might  be  sampled  without  going  to  this 
extra  expense. 


The  necessity  of  drilling  for  samples  in  horizontal  strata  only  arises 
when  the  horizontal  strata  on  a  particular  property  are  not  shown  in 
vertical  section,  or  where  such  vertical  sections  are  poorly  exposed.  The 
usual  vertical  section  may  be  furnished  by  a  railroad  cut  or,  to  even 
better  advantage,  by  the  erosive  agents  of  nature.  A  stream  cutting 
through  the  property  might  reveal  the  rock  along  the  line  CD.    A  series 
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of  samples  taken  along  this  stream-cut  section,  representing  the  various 
beds  exposed,  would  be  fairly  indicative  of  the  quality  of  the  stone  as  a 
whole.  Nevertheless  it  would  be  advisable  and  necessary  before  reaching 
a  final  decision  to  take  other  samples  up  and  down  the  stream  along 
sections  parallel  to  CD,  and  at  intervals  of  30  to  60  feet. 

If  the  chemical  constituents  of  the  stone,  as  exhibited  by  the  analyses 
made  on  these  samples,  showed  a  very  narrow  range,  and  the  analyses 
were  otherwise  satisfactory,  it  would  lead  to  a  very  strong  presumption 
that  the  stone  throughout  the  property  was  unifonn  in  chemical  com- 
position. A  presumption  supported  by  such  facts  as  these  is  usually 
borne  out  by  experience,  but  it  is  doubtful  whether  a  limited  amount 
of  drilling  could  safely  be  dispensed  with  on  a  property  with  horizontal 
strata  dissected  by  only  one  stream. 

In  Figure  18  are  shown  tilted  strata  dipping  at  an  angle  of  about  30 
degrees.  Overlying  the  limestone  is  shale,  and  both  are  represented  in  the 
conventional  manner  used  in  geological  drawings.  Either  of  the  formations 
could  be  sampled  at  the  surface  by  removing  strips  of  such  surface  covering 
as  may  be  present  in  the  form  of  transported  or  residua]  soil,  provided  the 
overburden  is  not  sufficient  to  make  their  subsequent  exploitation  unprofitable. 

Figure  18  illustrates  also  how  a  great  deal  of  useless  drilling  is  often  done 
to  discover  at  various  depths  what  may  be  clearly  seen  at  the  surface.  For 
instance,  a  drill  hole  sunk  along  the  line  EF  would  pass  through  a  strati- 
graphic  thickness  equal  to  KF.  The  bed  F  projects  and  may  be  observed  at 
the  surface  at  a  distance  from  E  opposite  to  the  direction  of  dip  equal  to 
tan  (90  —  a)  EF,  where  a  is  equal  to  the  angle  of  dip.  It  may  be  observed 
here  that  the  steeper  the  dip  the  less  is  the  stratigraphic  thickness  gone 
through  for  each  foot  of  drilling.  When  the  strata  are  on  end,  or  dipping 
at  90  degrees  the  stratigraphic  thickness  passed  through  is,  therefore,  only 
equal  to  the  diameter  of  the  drill.  In  such  a  case,  and  numerous  instances 
are  known  where  drilling  has  been  done  both  on  a  vertical  and  approximately 
vertical  strata,  the  money  spent  has  been  absolutely  wasted. 

Sampling  a  Portland  cement  property  where  the  strata  are  more  steeply 
inclined  may  be  accomplished  by  the  use  of  a  diamond  drill,  but  this  entails, 
as  has  already  been  pointed  out,  a  considerable  expense.  Drilling  along  the 
line  EF  the  stratigraphic  thickness  gone  through  at  a  depth  F  is  equal  to  KF 
and  KF  =  cosine  of  the  angle  KFE  by  EF.  This  same  thickness  might  be 
Just  as  well  sampled  by  trenching  along  the  surface  and  sampling  perpen- 
dicular to  the  bedding  for  a  distance  equal  to  tan  (90  —  a)  by  EF. 

If  the  strata  should  happen  to  be  exposed  along  the  line  OH  samples  could 
and  should  be  taken  perpendicular  to  the  bedding  at  intervals  of  from  30  to 
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50  feet,  or  even  closer  and  parallel  to  EG,  which  is  drawn  at  right  angles  to 
the  dip.  In  other  words,  under  such  conditions  each  individual  bed  should 
be  sampled.  The  bed  marked  L  might  be  sampled  perpendicular  to  the  bed 
at  the  point  L  (see  Fig.  18)  while  stratigraphically  and  immediately  below 
the  bed  marked  M  might  be  hidden  by  talus  or  soil.  A  sample  of  this  bed 
taken  perpendicular  to  the  strata  might,  however,  be  had  at  the  point  M  30  to 
50  feet  from  L  where  the  bed  M  happened  to  be  exposed.  Likewise,  another 
sample  might  be  taken  of  the  bed  V  at  the  point  "S  and  so  on  at  convenient 
points  of  each  separate  bed  down  to  G.  These  samples  on  analysis  would 
furnish  a  basis  of  comparison  of  the  quality  of  the  stone  down  the  dip. 
Should  they  prove  approximately  uniform  and  show  a  narrow  range  in  com- 
position, it  may  be  fairly  expected  that  the  composition  at  different  intervals 
along  the  strike  that  show  a  corresponding  uniformity,  and  conversely, 
samples  taken  along  the  strike  that  show  a  uniform  composition  in  this 
direction  indicate  within  reasonable  limits  a  corresponding  similarity  in 
uniformity  of  composition  down  the  dip,  for  experience  has  shown  that  as  a 
rule  individual  limestone  or  shale  beds  will  remain  uniform  in  chemical 
composition  within  the  boundaries  of  the  ordinary  cement  property.  The 
lack  of  uniformity  in  a  quarry  is  found  oftenest  in  the  chemical  and  physical 
difterences  of  different  strata  rather  than  along  the  strike  of  a  single  bed. 

Very  satisfactory  samples  can  be  taken  by  means  of  the  churn  drill.  This 
does  not  allow  small  seams  and  irregularities  in  the  rock  to  be  detected  as 
well  as  does  the  core  drill.  On  the  other  hand,  it  gives  a  better  average 
sample  of  the  rock  than  does  the  core  drill,  unless  the  core  is  broken  up. 
Sampling  with  the  churn  drill  can  be  done  for  about  one-half  the  cost  of  the 
core  drill.  Where  the  churn  drill  is  used,  the  mud  which  is  taken  from  the 
drill  hole  is  placed  in  a  tub  at  intervals,  say  every  5  feet.  The  mud  in  this 
tub  is  thoroughly  stirred  and  an  average  sample  of  several  pounds  is  taken. 
This  Is  dried  and  sent  to  the  chemical  laboratory  for  analysis. 

With  the  chum  drill  great  care  must  be  taken  that  no  surface  clay  is 
washed  into  the  hole  and  also,  when  clay  seams  in  the  rock  are  drilled 
through,  that  material  from  them  is  not  washed  into  the  drillings. 

Wliat  has  been  said  about  sampling  limestones  applies  equally  well  to 
sampling  shales  and  other  argillaceous  material.  In  taking  samples, 
however,  either  of  limestones  or  shales  it  should  be  borne  in  mind  that 
the  only  samples  that  are  representative  or  of  any  value  are  those  which 
represent  the  fresh  and  un weathered  rock.  With  the  harder  limestones 
fresh  samples  may  be  had  very  close  to  the  surface,  but  as  the  limestones 
become  more  argillaceous  and  softer  they  are  more  easily  attacked  by 
the  agencies  of  erosion,  and  the  weathered  surface  has  to  be  removed 
in  order  to  obtain  samples  that  can  be  regarded  as  correctly  representative. 
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Location  with  Respect  to  Fuel  Supply.* 

In  addition  to  the  suitable  location  of  the  raw  materials  with  respect 
to  transportation  facilities  and  markets,  amount  of  material,  and  the 
chemical  composition,  the  physical  character  of  the  materials  have  to 
be  considered  as  well  as  the  location  of  the  plant  with  regard  to  fuel 
supplies.  With  the  invention  and  introduction  of  improved  machinery 
for  grinding,  the  matter  of  the  physical  character  of  tlie  materials  is  not 
so  important  as  it  was  some  years  ago.  Nevertheless,  in  Portland  cement 
manufacture,  it  is  obvious  that  the  softer  and  dryer  the  material  the 
better,  for  then  it  can  be  more  easily  excavated  and  more  easily  ground 
and  prepared  for  mixing. 

The  distance,  however,  of  a  Portland  cement  plant  from  its  fuel  supply 
and  the  freight  rates  obtainable  from  the  railroads  are  seen  to  be  ex- 
tremely important  when  it  is  remembered  that  every  barrel  (380  pounds) 
of  Portland  cement  represents  a  total  consumption  in  kilns  and  plant  of 
from  150  to  200  pounds  of  coal  for  the  dry  process  or  200  to  250  pounds 
for  the  wet,  or  for  a  3000-barrel  plant  an  annual  consumption  of  from 
75,000  to  100,000  tons.  The  fuel  consumption  is  thus  seen  to  represent 
one  of  the  largest  items  in  cost  of  manufacture.  In  most  places  the 
average  is  about  30  per  cent,  of  the  total  cost  of  production. 

The  composition  of  the  coals  used  in  the  kilns  for  burning  the  Port- 
land cement  mixture  to  incipient  fusion  should  fall  within  the  following 
limits : 

Per  cent. 
Volatile  matter  30-40 

Fixed  carbon  50-60 

Sulphur     0-3 

Ash     5-25 

In  other  words,  they  should  be  bituminous  coals  high  in  volatile  matter 
and  correspondingly  low  in  fixed  carbon.  The  high-carbon  coals,  such 
as  anthracite  and  semi-bituminous  coal,  give  higher  temperatures  than 
the  bituminous  coals,  but  combustion  takes  place  less  rapidly  when  they 
are  pulverized  and  blown  into  the  kiln,  and  accordingly  they  give  less 

♦  The  Coals  of  Maryland.    Md.  Geol.  Survey,  Vol.  V,  pp.  219-636. 
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The  shale  requires,  according  to  the  formulas : 

Parts  of  Shale.  ^^^^  ^^^ 

Silica    (SIO,)    62.20  X  5        =  311.00 

Alumina  (A1,0,)    21.25  X  2        =  42.50 

Iron  oxide  (Fe,0,)    5.23  X  2        =  10.46 

363.96 
Calcium  carbonate  (CaCO,)     0.64  .64 

363.32 

Since  the  limestone  itself  contains  silica,  alumina,  and  iron,  part  of 
its  lime  will  be  required  to  satisfy  these  constituents : 

Parts  of  Limestone. 

Silica  (SiO,)   7.06  X  5  =  35.30 

Alumina    (AlA)     108  X  2  =  2.16 

Iron  oxide  (Fe,0,)    1.01  X  2  =  2.02 

39.48 

This  subtracted  from  the  total  CaCOg  leaves  48.27  parts  of  CaCOa 
in  each  unit  of  limestone.  As  363.32  parts  of  CaCOj  are  required  for 
each  unit  of  shale  the  units  of  limestone  required  per  unit  of  shale  will  be : 

868.88      -  .« 
48.-37  =^-^^ 

In  other  words,  for  each  ton  of  shale  are  required  7.53  tons  of  lime- 
stone. 

In  actual  practice  the  above  calculation  is  simplified  and  accelerated 
by  the  use  of  diagrams  and  tables  analogous  to  those  employed  in  the 
operation  of  blast  furnaces. 

In  practice,  the  full  amount  of  lime  called  for  by  Newberry^s  formula 
is  never  employed,  the  percentage  in  all  cases  depending  upon  the  fine- 
ness to  which  the  raw  materials  are  ground  and  the  degree  of  burning. 
Usually  about  90  per  cent,  of  the  lime  called  for  by  the  formula  is  em- 
ployed, or  the  figures  4.5  are  used  in  place  of  5  as  the  factor  for  the 
silica,  and  1.8  instead  of  2  as  the  factor  for  the  alumina. 

Practically  all  American  Portland  cements  satisfy  the  formula  (Mi- 
chaelis'  "hydraulic  modulus")  : 

per  cent.  Lime ^^  9  to  2  1 

per  cent.  Silica+per  cent.  Iron  Oxide+per  cent.  Alumina 
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Meade  states  *  that  in  his  work  he  found  that  where  the  raw  materials 
were  ground  to  a  fineness  of  95  per  cent,  through  a  No.  100  test  sieve, 
he  never  failed  to  make  a  sound  cement  of  normal  setting  qualities  and 
good  strength  when  the  composition  of  this  cement  met  the  ratio : 

per  cent.  Lime 2  05 

per  cent.  Silica + per  cent.  Iron  Oxide + per  cent.  Alumina  ""   *     ' 

provided  the  ratio  between  the  silica  and  the  alumina  was  not  less  than  2.5. 

In  mill  practice,  however,  it  is  seldom  that  as  high  a  ratio  as  this 
can  be  carried.  Just  what  the  ratio  should  be  depends  upon  conditions 
of  manufacture  and  the  nature  of  the  materials.  When  the  alumina  is 
low  this  ratio  is  often  carried  as  low  as  1.9  without  obtaining  quick- 
setting  cement.  On  the  other  hand,  when  the  alumina  is  high  it  is 
often,  but  not  always,  necessary  to  carry  the  ratio  as  high  as  2.05  to  avoid 
quick-setting  cement. 

The  formula  used  to  proportion  the  raw  materials  so  as  to  give  a 
cement  having  a  ratio  of  2.05  is  as  follows: 

Limestone  (or  Marl) 
Clay  (or  Shale) 

=   (^  SiOa+^  FeA+)^  AlA  in  Clay)x2i~(j^CaO  in  clay)       gx 
(CaO  in  limestone)  — (j^SiOj+j^FejOj+j^Aljdg  in  limestone)       *' 

The  additional  0.2  added  in  the  formula  is  to  take  care  of  the  small 
amount  of  coal  ash  which  enters  the  cement. 

In  the  example  given  above  the  proportions  of  shale  and  limestone 
would  be  as  follows : 

Liraestone^(62.20+21.25+5J23^2i-0.36_199.i7  _.^  oe 
Shale  49.14- (7.06+ 1.08+ 1.01)  X2i      28.58       ^•^^• 

The  formulas  used  above  are  very  valuable  in  determining  the  relative 
parts  by  weight  of  limestone  and  shale  entering  into  a  Portland  cement 
mixture,  but  after  a  plant  has  been  put  into  operation  and  is  running 
on  materials  of  fairly  uniform  composition  it  is  customary  to  "  control 
the  mix"  according  to  a  fixed  lime  standard,  that  is  to  say  if  it  were 
found  that  41.5  per  cent,  lime  (CaO)  in  the  mixture  of  raw  materials 

♦  Meade,  R.  K.  7th  Int.  Congr.  of  App.  Ghem.;  see  Chem.  Eng.,  Vol.  X, 
p.  181. 
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Thus  it  may  be  seen  that  as  the  length  of  the  kiln  is  increased  not 
only  is  there  an  increase  in  the  capacity,  but  also  a  marked  decrease  in 
the  per  barrel  cost  of  fuel  because  of  the  heating  of  the  mixture  at  the 
upper  end  of  the  kiln  before  it  reaches  the  intenser  temperatures  below, 
all  of  which  is  in  favor  of  larger  sized  kilns.  Some  of  the  best  author- 
ities on  the  subject  believe  the  tendency  to  lengthen  the  kiln  is  being 
overdone,  and  that  kilns  of  about  100  feet  in  length,  all  things  con- 
sidered, give  the  best  results  in  ordinary  work  even  though  in  certain 
cases  it  may  be  shown  that  the  cost  per  barrel  is  less  with  the  longer 
kiln.     It  is  evident  that  on  this  point  there  is  a  wide  difference  of 

0 

opinion. 

The  economy  of  a  kiln  is  not  only  dependent  on  its  length  but  also 
its  diameter.  Of  two  kilns,  eacli  100  feet  long,  one  of  which  is  6  feet 
in  diameter  and  the  other  7  feet,  the  former  will  be  found  to  have  the 
greater  economy  and  the  latter  the  larger  output.  The  longer  the  kiln 
the  more  economical  it  would  be,  and  on  this  score  a  kiln  200  feet  long 
would  not  be  too  long,  but  with  such  a  long  kiln  mechanical  diflBculties 
are  met  with  which  so  far  have  more  than  overbalanced  the  economy 
effected.  Kilns  250  feet  long  and  12  feet  in  diameter  are  now  being 
installed  at  a  plant  on  the  Huflson  River. 

Instead  of  using  a  long  kiln,  the  Fuller  Engineering  Company,  de- 
signers of  the  plant  of  the  Tidewater  Portland  Cement  Company,  at 
Union  Bridge,  are  installing  dryers  after  tlie  kilns,  through  which  the 
waste  gases  from  the  kilns  are  passed  and  utilized  in  drying  the  shale 
and  limestone.  This  system  obviates  the  necessity  for  kilns  longer  than 
125  feet. 

The  total  cost  of  manufacture  of  a  barrel  of  Portland  cement  varies 
with  the  locality.  Portland  cement  made  by  the  dry  process  ranges  in 
cost  per  barrel  between  50  and  85  cents,  wliile  by  the  wet  process,  where 
marls  are  mixed  with  muds  and  clays,  the  cost  is  greater  owing  to  the 
cost  of  drying  the  marl,  and  owing  to  its  wet  condition  while  excavat- 
ing and  transporting  it  to  the  mill.  The  selling  price  ranges  between 
$1.25  and  $1.50  a  barrel,  dcy)ending  upon  trade  conditions,  and  thus  llie 
manufacturer  situated  near  a  large  market  even  after  paying  for  trans- 
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portation  and  selling  costs  is  usually  left  a  very  flattering  margin  of 
profit,  though  not  always,  as  for  instance,  when  the  cost  of  manufacture 
runs  high  because  of  unusual  local  conditions.  This,  unfortunately, 
sometimes  happens  as  the  result  of  insufficient  care  having  been  taken 
in  the  selection  of  the  raw  materials,  the  design  of  the  plant,  the  location 
of  plant,  with  reference  to  transportation,  fuel  supply,  and  market,  and 
a  neglect  to  arrange  the  question  of  rates  with  the  transportation  com- 
panies upon  whom  the  plant  is  dependent  for  assembling  the  materials 
entering  into  the  manufacture  and  for  marketing  of  the  finished  product. 

Other  Cements. 

Before  leaving  the  discussion  of  cements  it  seems  advisable  to  add 
a  brief  discussion  of  several  other  cements  not  made  from  limestone, 
such  as  slag  and  oxychloride  cements. 

SLAG  OR  PUZZOLAN  CEMENTS. 

8lag  or  puzzolan  cements  are  made  from  blast-furnace  slag  or  natural 
puzzolan.  The  former  should  contain  from  22  to  30  per  cent,  of  silica; 
11  to  16  per  cent,  alumina  and  iron  oxide;  49  to  52  per  cent,  of  lime; 
less  than  4  per  cent,  magnesia;  1.5  per  cent,  alkalies,  and  show  less  than 
2.5  to  7.5  per  cent,  loss  by  ignition.  The  puzzolan  or  volcanic  tuflfs 
usually  run  higher  in  silica,  about  the  same  in  alumina,  very  much 
lower  in  lime,  but  with  from  5  to  9  per  cent,  in  alkalies  which  are  prac- 
tically lacking  in  slags. 

Slag  is  locally  abundant  as  the  chief  waste  product  of  blast  furnaces 
where  its  utilization  would  be  appreciated.  Since  for  cement  purposes 
the  slag  must  be  of  uniform  composition,  and  since  such  uniformity 
cannot  be  maintained  when  different  ores  are  used  without  endangering 
the  uniformity  of  the  pig  iron  produced,  the  blast-furnace  operators  who 
use  more  than  one  kind  of  ore  prefer  to  leave  the  slag  unutilized  rather 
than  lower  the  standard  quality  of  their  iron. 

Slag  cements  are  usually  more  porous  and  less  resistant  to  disintegra- 
tion and  abrasion  than  Portland  cements,  though  generally  serving  well 
for  marine  work.     From  these  and  other  cognate  reasons  little  slag 
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cement  is  produced  in  America,  the  only  plant  making  it  in  Maryland 
suspending  operations  several  years  ago. 

OXYCHLORIDE  CEMENTS. 

Oxychloride  cements  are  of  less  commercial  importance  than  any  of 
the  other  complex  cements.  They  differ  from  the  latter  in  that  they 
are  entirc^ly  free  from  silica,  and  their  setting  [)roperties  are  due  to  the 
formation  of  hydroxyclilorides. 

The  oxychloride  cements  are  made  by  treating  magnesia  (MgO)  with 
a  solution  of  magnesium  chloride  (MgClj)  of  25°  to  30°  Baume.  A 
paste  is  thus  formed  which  sets  tolerably  rapidly  and  results  in  a  hard, 
white  mass  that  possesses  unusual  compressive  strength  and  a  tensile 
strength  exceeding  that  of  Portland  cement.  They  are  {)oor  conductors 
of  heat,  easily  molded  and  satisfactorv  for  certain  kinds  of  refined  dental 
and  interior  work,  but  tlieir  permanence,  compared  with  that  of  other 
cements,  is  still  a  matter  of  discussion. 

Summary  and  Statistics  of  Lime  and  Cement  Industries. 

The  industries  based  u])on  the  utilization  of  limestones  are  important 

and  are  constantly  increasing  in  their  gross  production.     These  may  In? 

grou])ed  according  to  the  form  in  which  the  product  reaches  the  market 

and  the  uses  to  which  they  are  put  by  the  consumer.    Limestone,  as  such, 

is  used  rough  or  dressed  for  building  j)urposes,  paving,   riprap,  etc.; 

crushed  for  road-making,  railroad  ballast,  and  concrete;  and  in  various 

forms  for  metallurgical  and  chemical  purposes.    TJie  extent  of  the  trade 

in  limestone,  exclusive  of  marble,  may  be  seen  from  the  following  table 

indicating  the  value  ol  the  annual  production  in  the  United  States: 

Value  of  thk  Anntai,  Pi«)i)['tTioN  of  Lime  and  Limestone,  excepting  Marble, 

IN  TiiE  United  States. 
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The  figure?  show  a  very  stable  industry  in  whioli  the  total  annual  pro- 
duction has  increased  slowly  but  steadily  in  sympathy  with  the  general 
increase  in  population  and  wealth  in  the  United  States.  The  most 
noticeable  features  of  the  industry  su])plying  stone  for  special  uses  are 
the  steady  and  relatively  rapid  growth  in  the  output  of  stone  for  flux 
and  the  cnished  stone  used  in  road,  railroad,  and  concrete  work. 

The  burning  of  limestxme  to  lime  is  likewise  an  industry  increasing 
rather  steadily  with  the  growth  of  the  country.  The  uses  to  which  the 
burnt  lime  is  put  are  for  building,  agricultural,  and  chemical  purposes. 
The  accompanying  table  gives  the  value  of  the  annual  production  in  the 
United  States  since  1896: 

Value  of  the  Annual  Production  of  Lime  in  the  Unitfj)  States,  1896-1908. 

1896     $6,327,900 

1897  6,390,487 

1898  6.886.549 

1899  6,983,067 

1900  6,797,496 

1901  8.204,054 

1902  9,335,618 

1903  9,255.882 

1904  9,951,456 

1905  10,941,680 

1906  12,480,653 

1907  12.640.512 

1908  11,091.186 

The  industries  based  ivpon  the  use  of  limestone  in  the  manufacture 
of  cements  are  of  special  importance  and  interest  both  because  of  the 
remarkable  growth  of  the  Portland  cement  industry  and  the  accompany- 
ing decline  in  the  production  of  natural  cement. 

The  following  table,  based  upon  the  estimates  of  early  production  by 
Cummings  *  and  the  recent  statistics  gathered  by  the  U.  S.  Geological 
Survey,  is  a  comparative  statement  of  the  production  in  the  gross  quan- 
tities produced  annually: 

*  Cummings.  American  Cements,  1898,  p.  298. 
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Natural  Bibs. 

1818-1830  300,000 

1830-1840  1,000,000 

1840-1850  4,250,000 

1850-1860  11.000,000 

1860-1870  16,420,000 

1870-1880  22,000,000 

1880-1890  43.589.067 

1890  7.082,204 

1891  7,451.535 

1892  8,211,181 

1893  7,411,815 

1894  7,563,488 

1895  7,741,077 

1896  7,970,450 

1897  8,311.688 

1898  8,418,924 

1899  9,868,179 

1900  8,383.519 

1901  7,084,823 

1902  8.044.305 

1903  7,030.271 

1904  4,866,331 

1905  4,473,049 

1906  4,055.797 

1907  2,887,750 

1908  1,686,682 

227,102,085 


Portland  Bibs. 


Puzsolan  Bibs. 


82,000 

1.477.000 

335,500 

454,813 

547,440 

590.652 

798.757 

990,324 

1,543,023 

12,265 

2,677.775 

48,329 

3,692,284 

150,895 

5,652,266 

335.000 

8,482,020 

365,611 

12.711,225 

272.689 

17,711,225 

478,555 

22,342.973 

525,896 

26.505.881 

303,045 

35.246.812 

382,447 

46.463.424 

481,224 

48.785,390 

557.252 

51,072.012 

151,451 

395.567,395 

4.145.657 

626.815.137 


From  the  foregoing  table  it  may  be  rapidly  seen  that  of  the  three 
hydraulic  cements  Portland  cement  is  easily  chief.  The  figures  also  dis- 
play the  wonderful  growth  in  this  industry  during  the  present  generation. 
In  1880  the  total  output  of  Portland  cement  was  only  42,000  barrels,  less 
than  one  one-thousandth  of  the  present  annual  production,  and  only  1.8 
per  cent,  of  the  cement  now  consumed  each  year.  At  the  same  time 
natural  cement  was  produced  to  the  extent  of  2,030,000  barrels.  In  the 
meantime  the  production  has  increased  to  a  maximum  annual  produc- 
tion of  9,868,179  barrels  in  1899,  only  to  decline  during  the  last  decade 
to  a  production  below  that  of  1880. 


Mabyland  Geolooioal  Subvey 


329 


Puzzolan  or  slag  cement  has  never  been  produced  extensively  in  this 
country,  the  annual  production  scarcely  exceeding  1  per  cent,  of  the 
Portland  cement  manufactured  during  corresponding  years. 
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Fio.  19. — Diagram  showing  production  of  Natural  and  Portland  Cements, 

1890-1908. 

The  annual  production  of  each  variety  for  the  year  1908,  with  its  value 
and  price  per  barrel,  is  as  follows : 

Quantity.  Value.  Price  per  bbl.  ^j{5oe. 

Portland    51,072,612  $43,647,679            |  .86  |1.00 

Natural    1,686,682  834,509                .44  .73 

Puzzolan    151,451  95,468               .63  .74 

"52^910.925  144^4777653 
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The  price  per  barrel  is  the  average  price  f.  o.  b.  at  the  mill.  Since 
natural  cement  barrels  contain  only  265  pounds  as  against  380  pounds 
in  barrels  of  puzzolan  and  Portland  cements,  their  relative  prices  per 
pound  are  more  favorable  to  natural  cement  than  appears.  Puzzolan  and 
natural  cements  cost  between  70  and  75  per  cent,  of  Portland,  weight 
for  weight. 

The  phenomenal  growth  of  the  Portland  cement  industn-  is  shown  in 
the  following  figures,  which  show  the  annual  production  of  natural,  Port- 
land, and  puzzolan  cements  and  pig  inm. 

Production  in  Short  Tons  of  Cement  and  Pig  Iron. 
Natural. 


1890    938.392 

1891    987,328 

1892    1,087.976 

1893    982.065 

1894     1.002.162 

1895    1.025,693 

1896    1,056,085 

1897    1,101,299 

1898    1,115,494 

1899    1,307.584 

1900    1.110,816 

1901    938.639 

1902    1,065,880 

1903    931.511 

1904    640.764 

1905    592.679 

1906    537.394 

1907    362,545 

1908    223,485 


Portland. 

Puzzolan. 

Plir  Iron. 

67.100 

10.307.073 

91.000 

9.269.454 

101,500 

10.25&.840 

114.100 

7.979,442 

159.700 

7,456.274 

199.700 

10.579,864 

308.600 

2.530 

9.657.902 

535,500 

9.183 

10.811.001 

716.900 

28,670 

13.186,806 

1.161.100 

63,650 

15.255.187 

1,696,400 

69,466 

15.443.951 

2,542,200 

51.811 

17.783.756 

3,446,100 

90,925 

19.959.863 

4,458,600 

99,920 

20.170.362 

5,601,200 

57,579 

18.476.676 

6.665.304 

72.665 

25.751.465 

8,828,050 

78,132 

28.344.053 

9.269,224 

105.928 

28.875.124 

9.703,896 

28.776 

17,848.340 

LIME  AND  CEMENT  MATERIALS  IN   MARYLAND. 

Introductory. 

the  geography  of  the  state. 

The  state  of  Marviand  is  divided  into  three  phy?ioffraphic  provinces, 

known  as  the  Coastal  Plain,  the  Piedmont  Plateau,  an<l  tlie  Appalachian 

Region,     The  Piedmont  Plateau  lies  between  the  Appalachian  Region 

on  the  west  and  (lie  Coastal  Plain  im  the  east.    The  Ap|->alachian  Rcjtion 


—Map  of  Maryland  ahowini;  the  Physlogra 


inehides  all  that  part  of  the  State  west  of  \orth  Moiinluiii,  and  is  siih- 
divided  into  the  region  of  the  Allepliany  Hidgcs  and  into  a  more  western 
region,  the  Alleghany  Plateau.  The  Coastal  Plain  lies  east  of  the 
sinuous  line  shown  on  the  nccompanyinjf  map.  This  line  passes  across 
the  State  in  a  northeasterly  direction  through  Washington  and  Baltimore 
and  the  mouth  of  the  Susquehanna.  The  Coastal  Plain  is  divided  int« 
aerial  and  suhaorial  portions.  The  Pieilmont  is  also  divided.  That 
part  of  the  Plateau  province  east  of  the  Blue  Hidgc,  which  is  the  Piedmont 
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proper,  is  separated  into  an  eastern  and  western  division  by  Parr's  Ridge, 
while  the  area  west  of  the  Blue  Ridge  is  referred  to  as  the  Great  Valley 
Region. 

THE  GEOLOGY  OF  THE  LIME  AND  CEMENT  MATERIALS. 

Each  of  the  physiographic  provinces  briefly  described  above  differs 
both  in  the  matter  of  topography  and  geology.  There  is  a  gradual  rise 
in  elevation  from  the  low-lying  Coastal  Plain  of  the  east  to  the  moun- 
tainous Appalachian  Region  of  the  west.  Going  from  the  eastern  part 
of  the  State  to  its  western  boundary  the  traveler,  besides  reaching  higher 
and  higher  altitudes,  crosses  first  the  younger  deposits  of  the  Coastal 
Plain,  then  the  ancient  rocks  of  the  Piedmont,  and  finally  traverses 
strata  that,  geologically  speaking,  become  progressively  younger. 

The  youngest  formations  of  the  State  are  confined  to  the  Coastal  Plain, 
where  they  consist  of  clays  and  other  more  or  less  poorly  consolidated 
sediments.  As  a  result  of  the  absence  of  hard  and  resistent  rocks  in 
this  section  of  the  State  it  is  low  and  flat,  and  but  for  its  terraces  is 
relatively  featureless  as  regards  topography.  In  this  respect  it  is  unlike 
the  Piedmont  Plateau,  where  the  topography  is  rolling  and  undulating 
and  the  rocks  are  both  harder  and  older  and  different  in  character  from 
those  of  the  adjoining  Coastal  Plain.  The  rocks  of  the  western  and 
mountainous  part  of  the  State  are,  on  the  other  hand,  younger  in  age 
than  those  of  the  Piedmont,  but  are  much  older  than  most  of  the  rocks 
of  the  Coastal  Plain.  Moreover,  considered  as  a  whole,  they  are  quite 
different  in  a  great  many  respects  from  the  characteristic  rocks  of  the 
two  provinces  first  referred  to  above. 

Argillaceous  and  calcareous  materials  occur  in  all  three  of  the  regions 
that  have  been  discussed.  In  the  eastern  Piedmont  the  limestones  are 
best  developed  in  the  vicinity  of  Texas  and  Cockeysville,  while  suitable 
argillaceous  material  occurs  near  at  hand  in  the  Coastal  Plain.  The 
Mesozoic  and  (  enozoic  rocks  of  the  latter  physiographic  division  also 
carry  marls  which,  as  the  result  of  exploitation  work,  may  prove  to  be  a 
source  of  cement  material.  Furthermore,  tlie  regions  of  the  Piedmont 
and  Coastal  Plain  are  traversed  by  numerous  railroads.    These,  together 
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with  convenient  and  cheap  water  transportation,  afford  a  means  of  as- 
sembling the  raw  materials  and  likewise  the  facilities  for  carrying  the 
finished  products  to  local  and  distant  markets. 

Suitable  materials  for  making  lime  and  cement  occur  in  the  western 
Piedmont  section,  but  not  so  abundantly  as  farther  west.  Some  of  the 
limestones  of  this  section  which  occur  along  the  line  of  the  Western 
Maryland  Eailroad,  eppecially  those  deposits  near  Union  Bridge,  are 
extremely  pure  and  are  found  in  sufficient  quantity  to  form  the  basis  of 
a  small  but  thriving  industry.  They  are  about  to  be  used  in  conjunction 
with  the  associated  volcanic  slates  and  the  nearby  Triassic  shales  to  form 
the  basis  for  the  manufacture  of  Portland  cement.  A  plant  located  in 
this  region  would  have  to  depend  entirely  on  the  one  railroad,  the  West- 
em  Maryland,  now  known  also  as  the  Wabash,  for  transportation.  It 
would  have  the  advantage,  however,  of  being  within  50  miles  of  Baltimore 
and  near  Washington,  also,  both  large  markets  for  Portland  cement. 

Limestone  of  known  Cambro-Ordovician  age  occurs  on  both  sides  of 
the  Blue  Ridge.  East  of  the  Blue  Ridge  this  limestone  is  of  great  thick- 
ness and  of  wide  distribution,  and  contains  beds  of  varying  degrees  of 
purity;  it  occurs  in  the  vicinity  of  Frederick  and  forms  what  is  known 
as  the  Frederick  Valley.  From  Frederick  northward  it  is  traversed  by 
the  Northern  Central  Railway  of  the  Pennsvlvania  svstem,  and  south- 
west  and  eastward  by  the  Baltimore  and  Ohio  Railroad.  Both  lines 
center  at  Frederick  and  furnish  transportation  facilities  for  assembling 
(depending  on  which  is  desired)  either  the  shales  of  volcanic  and  unde- 
termined origin  on  the  east  side  of  the  valley,  or  the  Triassic  shales  on 
the  west  at  some  fixed  point  for  manufacture  within  the  limestone  belt, 
and  along  one  or  the  other  of  the  routes  mentioned. 

The  largest  areal  distribution  of  limestone  in  the  State  is  in  the 
Hagerstown  Valley.  Shale  also  occurs  in  abundant  quantity  and  deposits 
of  suitable  quality  for  the  manufacture  of  Portland  cement  may  usually 
be  found  without  very  great  difficulty.  The  valley  is  traversed  by  five 
different  railroad  lines  that  center  and  radiate  from  Hagerstown.  By 
reason  of  the  transportation  facilities  and  the  abundance  of  raw  materials 
this  valley  region  is  probably  the  most  promising  field  for  the  investiga- 
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proper,  is  separated  into  an  eastern  and  western  division  by  Parr's  Ridge, 
while  the  area  west  of  the  Blue  Ridge  is  referred  to  as  the  Great  Valley 
Region. 

THE  GEOLOGY  OF  THE  LIME  AND  CEMENT  MATERIALS. 

Each  of  the  physiographic  provinces  briefly  described  above  differs 
both  in  the  matter  of  topography  and  geology.  There  is  a  gradual  rise 
in  elevation  from  the  low-lying  Coastal  Plain  of  the  east  to  the  moun- 
tainous Appalachian  Region  of  the  west.  Going  from  the  eastern  part 
of  the  State  to  its  western  boundary  the  traveler,  besides  reselling  higher 
and  higher  altitudes,  crosses  first  the  younger  deposits  of  the  Coastal 
Plain,  then  the  ancient  rocks  of  the  Piedmont,  and  finally  traverses 
strata  that,  geologically  speaking,  become  progressively  younger. 

The  youngest  formations  of  the  State  are  confined  to  the  Coastal  Plain, 
where  they  consist  of  clays  and  other  more  or  less  poorly  consolidated 
sediments.  As  a  result  of  the  absence  of  hard  and  resistent  rocks  in 
this  section  of  the  State  it  is  low  and  flat,  and  but  for  its  terraces  is 
relatively  featureless  as  regards  topography.  In  this  respect  it  is  unlike 
the  Piedmont  Plateau,  where  the  topography  is  rolling  and  undulating 
and  the  rocks  are  both  harder  and  older  and  different  in  character  from 
those  of  the  adjoining  Coastal  Plain.  The  rocks  of  the  western  and 
mountainous  part  of  the  State  are,  on  the  other  hand,  younger  in  age 
than  those  of  the  Piedmont,  but  are  much  older  than  most  of  the  rocks 
of  the  Coastal  Plain.  Moreover,  considered  as  a  whole,  they  are  quite 
different  in  a  great  many  respects  from  the  characteristic  rocks  of  the 
two  provinces  first  referred  to  above. 

Argillaceous  and  calcareous  materials  occur  in  all  three  of  the  regions 
that  have  been  discussed.  In  the  eastern  Piedmont  the  limestones  are 
best  developed  in  the  vicinity  of  Texas  and  Cockeysville,  while  suitable 
argillaceous  material  occurs  near  at  hand  in  the  Coastal  Plain.  The 
Mesozoic  and  C'enozoic  rocks  of  the  latter  physiographic  division  also 
carry  marls  which,  as  the  result  of  exploitation  work,  may  prove  to  be  a 
source  of  cement  material.  Furthermore,  the  regions  of  the  Piedmont 
and  Coastal  Plain  are  traversed  bv  numerous  railroads.    These,  together 


Maryland  Geological  Survey  333 

with  convenient  and  cheap  water  transportation,  afford  a  means  of  as- 
sembling the  raw  materials  and  likewise  the  facilities  for  carrying  the 
finished  products  to  local  and  distant  markets. 

Suitable  materials  for  making  lime  and  cement  occur  in  the  western 
Piedmont  section,  but  not  so  abundantly  as  farther  west.  Some  of  the 
limestones  of  this  section  which  occur  along  the  line  of  the  Western 
Maryland  Railroad,  especially  those  deposits  near  Union  Bridge,  are 
extremely  pure  and  are  found  in  sufficient  quantity  to  form  the  basis  of 
a  small  but  thriving  industry.  They  are  about  to  be  used  in  conjunction 
with  the  associated  volcanic  slates  and  the  nearby  Triassic  shales  to  form 
the  basis  for  the  manufacture  of  Portland  cement.  A  plant  located  in 
this  region  would  have  to  depend  entirely  on  the  one  railroad,  the  West- 
em  Maryland,  now  known  also  as  the  Wabash,  for  transportation.  It 
would  have  the  advantage,  however,  of  being  within  50  miles  of  Baltimore 
and  near  Washington,  also,  both  large  markets  for  Portland  cement. 

Limestone  of  known  Cambro-Ordovician  age  occurs  on  both  sides  of 
the  Blue  Eidge.  East  of  the  Blue  Ridge  this  limestone  is  of  great  thick- 
ness and  of  wide  distribution,  and  contains  beds  of  varying  degrees  of 
purity;  it  occurs  in  the  vicinity  of  Frederick  and  forms  what  is  known 
as  the  Frederick  Valley.  From  Frederick  northward  it  is  traversed  by 
the  Northern  Central  Railway  of  the  Pennsylvania  system,  and  south- 
west and  eastward  by  the  Baltimore  and  Ohio  Railroad.  Both  lines 
center  at  Frederick  and  furnish  transportation  facilities  for  assembling 
(depending  on  which  is  desired)  either  the  shales  of  volcanic  and  unde- 
termined origin  on  the  east  side  of  the  valley,  or  the  Triassic  shales  on 
the  west  at  some  fixed  point  for  manufacture  within  the  limestone  belt, 
and  along  one  or  the  other  of  the  routes  mentioned. 

The  largest  areal  distribution  of  limestone  in  the  State  is  in  the 
Hagerstown  Valley.  Shale  also  occurs  in  abundant  quantity  and  deposits 
of  suitable  quality  for  the  manufacture  of  Portland  cement  may  usually 
be  found  without  very  great  difficulty.  The  valley  is  traversed  by  five 
different  railroad  lines  that  center  and  radiate  from  Hagerstown.  By 
reason  of  the  transportation  facilities  and  the  abundance  of  raw  materials 
this  valley  region  is  probably  the  most  promising  field  for  the  investiga- 
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tion  and  successful  location  of  cement  materials  in  Maryland.  The  only 
Portland  cement  plant  now  in  operation  in  the  State  is  located  within 
this  section,  near  Ha^rstown,  and  unless  this  })lant  is  followed  in  the 
near  future  by  the  building  of  one  or  two  others  it  will  be  most  surpris- 
ing. 

The  limestones  of  the  mountainous  section  of  Maryland  are  neither 
so  thick  nor  so  accessible  for  working  as  the  beds  of  the  Shenandoah 
group  of  limestones  that  form  the  floor  of  the  Hagerstown  and  Fred- 
erick valleys.  These  mountain  limestones,  namely,  the  Cayuga,  Helder- 
berg,  and  Greenbrier,  are  much  higher  up  in  the  geological  column  than 
the  limestime  beds  of  the  Hagerstown  Valley.  The  Western  Maryland 
or  Wabash  Railroad  cuts  across  the  strike  of  these  mountain  limestones 
at  a  number  of  points  in  the  western  part  of  Washington  County  and 
between  Hancock  and  Cumberland.  Several  railroads  center  at  Cumber- 
land, and  a  number  of  very  promising  points  for  the  location  of  plants 
for  the  manufa(ture  either  of  lime  or  cement  are  known  to  occur. 
These  are  discussed  in  detail  on  a  later  page. 

Uses,  Value,  and  Distkibction  by  Districts. 

The  limestones  of  Maryland  which  are  largely  used  in  structural  work 
and  for  building  purposes,  and  as  the  basis  of  both  its  lime  and  natural 
cement  industrjes,  and  are  likewise  equally  necessary  in  the  manufacture 
of  Portland  cement,  occur  in  workable  quantities  in  7  of  the  23  counties 
of  the  State,  and  if  Harford  is  included  outcrop  in  8. 

The  limestones  of  Harford,  Baltimore,  Howard,  and  Carroll,  and  those 
also  of  Frederick,  with  the  exception  of  the  group  of  Shenandoah  lime- 
stones, occupying  the  Frederick  and  Glade  valleys,  will  be  discussed 
under  the  head  of  Piedmont  limestones.  The  Shenandoah  limestone  of 
Frederick  will  be  discussed  later  under  the  head  of  Frederick  Valley 
limestones,  and  the  limestones  of  the  same  age  occurring  in  Washington 
County  under  the  caption  Hagerstown  A'alley.  Finally,  the  limestones 
of  the  western  part  of  Washington  County  which  were  laid  down  at  a 
later  geological  time  than  tlie  Shenandoah  will  be  considered  along  with 
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the  limestones  of  Allegany  and  Garrett  counties,  in  reference  to  their 
chief  occurrence  in  the  Appalachian  division. 

PIEDMONT  PLATEAU. 

Piedmont  Plateau  is  the  name  used  for  the  physiographic  division 
of  the  State  that  extends  from  the  Coastal  Plain  on  the  east  to  the 
Catoctin  or  Blue  Ridge  mountains  on  the  west.  Excepting  the  Triassic 
area  and  the  Shenandoah  limestones  east  of  the  Blue  Ridge  the  character- 
istic rocks  of  the  region  are  extrusive  and  intrusive  igneous  rocks,  both 
altered  and  unaltered,  together  with  more  or  less  metamorphosed  repre- 
sentatives of  limestones,  shales,  and  sandstones.  These  rocks  give  this 
region  its  characteristic  undulating,  and  in  certain  sections  noticeably 
hilly,  topography.  The  hard  quartzites  and  rocks  of  igneous  origin,  but 
chiefly  the  former,  are  the  main  ridge-makers  and  form  the  ridges  on 
one  side  of  the  valleys  occupied  by  limestones,  while  hills  or  ridges  com- 
posed of  schists  may  rise  to  lower  altitudes  on  the  other. 

For  the  convenience  of  discussion  the  Piedmont  section  is  divided 
into  an  eastern  and  a  western  section.  Within  the  fonner  occur  the 
limestones  and  schists  and  quartzites  of  Harford,  Baltimore,  and  How- 
ard counties.  The  limestones  and  marbles  of  this  region  lie  to  the  east 
of  the  northeast-southwest  boundary  line  separating  the  counties  of 
Baltimore  and  Carroll.  Between  this  boundary  and  a  line  on  the  west 
passing  through  Frederick  Junction,  having  the  direction  N  30°  — 35°  E, 
are  found  the  crystalline  limestones,  shales,  slates,  schists,  quartzites 
and  altered  volcanic  of  the  western  division  of  the  Piedmont.  The 
limestones  of  this,  western  division  are  confined  to  two  counties,  Carroll 
and  Frederick. 

The  accompanying  map,  Figure  20,  showing  tlie  physiographic  prov- 
inces of  the  State  takes  Parrs  Ridge  as  the  dividing  line  between  the 
eastern  and  western  Piedmont  divisions.  This  is  the  most  natural 
line  of  division  between  the  two  sections,  for  Parrs  Ridge  extends  in  a 
northeasterly  direction  from  the  Potomac  entirely  across  the  State  into 
Pennsylvania.  It  is  the  most  prominent  topographic  feature  of  the 
central  Piedmont,  and  acts  as  a  watershed  which  separates  the  Piedmont 
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into  two  distinct  drainage  areas.  However,  as  certain  of  the  limestones 
characteristic  of  the  western  division  of  the  Piedmont  are  exposed  north- 
east of  Westminster,  it  has  been  thought  best  to  take  for  the  present 
discussion  a  dividing  line  which  follows  in  its  northeastern  part  the 
boundary  between  Baltimore  and  Carroll  counties. 

EASTERN    DIVISION    OF    THE    PIEDMONT. 

The  limestones  of  the  eastern  division  of  the  Piedmont  are  well  de- 
veloped in  Baltimore  County,  but  occur  sparingly  and  are  of  litUe 
economic  importance  in  both  Harford  and  Howard.  They  apparently 
underlie  the  Wipfahickon  schists  and  are  superjacent  to  the  Setters 
quartzites.  Their  exposure  in  and  occupancy  of  the  larger  and  more 
fertile  valleys,  particularly  tlie  valleys  of  Baltimore  Counly,  is  the 
result  of  structural  relationships,  and  is  due  also  to  the  fact  that 
limestones  are  unable  to  withstand,  like  schists  and  quartzites,  the 
erosive  agents  of  nature. 

Oeology. 

Geological  Structure. — The  structure  and  trend  of  the  rocks  of  this 
section  are  strikingly  similar  to  the  structure  and  trend  as  exhibited 
in  the  Appalachians.*  Their  minor  folding,  showing  synclines  succeed- 
ing anticlines  and  small  overturns  and  faults,  has,  in  a  measure,  furnished 
the  key  that  has  led  to  the  present  understanding  and  interpretation  of 
the  major  structure  of  the  region.  This,  however,  involving  as  it  does 
an  earlier  deformation,  probably  Taconic  in  age,  is  far  more  complicated 
and  has  been  worked  out  with  much  more  difficulty  than  the  much 
simpler  and  more  apparent  stratigraphic  relationships  seen  within  the 
region  of  the  Appalachians.  The  forces  tliat  were  exerted  at  the  dose 
of  the  Paleozoic  resulted  in  the  r()iii])]ieated  folding  of  the  rocks  of  the 
eastern  and  western  Piedmont  and  in  the  more  open  folding  of  the 
Appalachians.  This  is  seen  in  the  parallel  trend  of  their  rocks  and  the 
concentric  arrangement  of  the  fommtions  of  the  three  regions  about  a 
common  center  situated  near  Baltimore. 

♦  Mathews,  E.  B.    Gcol.  Soc.  Amer.  Bull.,  Vol.  16,  p.  342. 
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into  two  distinct  drainage  areas.  However,  as  certain  of  the  liznestones 
characteristic  of  the  western  division  of  the  Piedmont  are  exposed  north- 
east of  Westminster,  it  has  been  thought  best  to  take  for  the  present 
discussion  a  dividing  line  which  follows  in  its  northeastern  part  the 
boundary  between  Baltimore  and  Carroll  counties. 

EASTERN    DIVISION    OF    THE    PIEDMONT. 

The  limestones  of  the  eastern  division  of  the  Piedmont  are  well  de- 
veloped in  Baltimore  County,  but  occur  sparingly  and  are  of  little 
economic  importance  in  both  Harford  and  Howard.  They  apparency 
underlie  the  Wispahickon  schists  and  are  superjacent  to  the  Setten 
quartzites.  Their  exposure  in  and  occupancy  of  the  larger  and  more 
fertile  valleys,  particularly  the  valleys  of  Baltimore  County,  is  the 
result  of  structural  relationships,  and  is  due  also  to  the  fact  that 
limestones  are  unable  to  withstand,  like  schists  and  quartzites^  the 
erosive  agents  of  nature. 

Oeology. 

Geological  Structure. — The  structure  and  trend  of  the  rocks  of  this 
section  are  strikingly  similar  to  the  structure  and  trend  as  exhibited 
in  the  Appalachians.*  Their  minor  folding,  showing  synclines  succeed- 
ing anticlines  and  small  overturns  and  faults,  has,  in  a  measure,  furnished 
the  key  that  has  led  to  the  present  understanding  and  interpretation  of 
the  major  structure  of  the  region.  This,  however,  involving  as  it  does 
an  earlier  deformation,  probably  Taconic  in  age,  is  far  more  complicated 
and  has  been  worked  out  with  much  more  difficulty  than  the  much 
simpler  and  more  apparent  stratigraphic  relationships  seen  within  the 
region  of  the  Appalachians.  The  forces  tliat  were  exerted  at  the  close 
of  the  Paleozoic  resuliod  in  the  oom]>licated  folding  of  the  rocks  of  the 
eastern  and  western  Piedmont  and  in  the  more  open  folding  of  the 
Appalachians.  This  is  seen  in  the  parallel  trend  of  tlieir  rocks  and  the 
concentric  arrangement  of  the  formations  of  the  three  regions  about  a 
common  center  situated  near  Baltimore. 

•  Mathews,  E.  B.    Gk?ol.  See.  Amer.  Bull.,  Vol.  16,  p.  342. 
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The  limestones  and  associated  metamorphosed  sedimentary  rocks  of 
the  eastern  Piedmont  have  a  general  northeasterly  strike  and  trend, 
which  bends  around  still  further  to  the  east  as  tlie  rocks  are  followed 
from  the  southern  exposures  in  Harford  through  Baltimore  and  Howard 
counties.  Situated  near  the  center  of  the  radiating  movements  whose 
action  in  a  southeasterly  to  northwesterly  direction  brought  about  the 
deformation,  elevation,  and  deflection  eastward  of  the  Appalachian 
strata,  the  rocks  of  the  eastern  Piedmont  have  in  consequence  been 
subjected  to  forces  of  the  most  complex  nature. 

The  formations  of  this  region  are  folded  into  synclines  and  anti- 
clines, here  and  there  partially  overturned,  and  in  places  faulted  and  cut 
by  igneous  intrusions;  but  the  most  unusual  feature  is  the  torsional 
folds  which  have  recently  been  described  by  the  senior  author.* 

Geological  Age. — The  limestone  of  Baltimore  County  has  been 
correlated  with  the  Shenandoah  limestone  and  its  age  is  therefore  tliought 
to  be  Cambro-Ordovician.  Fossil  forms  by  which  its  age  might  be  more 
accurately  determinefl  have  never  been  foimd.  They  are  probably  en- 
tirely absent,  having  been  destroyed  by  strong  metamorphic  action.  The 
heat  and  pressure  concomitant  with  the  metamorphism  to  which  this 
limestone  has  been  subjected  not  only  has  removed,  so  far  as  known, 
all  trace  of  fossil  remains,  but  has  also  completely  changed  the  original 
character  of  the  rocks.  Once  a  limestone  composed  for  the  most  part 
of  amorphous  calcium  carbonate,  it  is  now  a  highly  crystalline  marble 
largely  composed  of  grains  of  calcite  and  dolomite.  Physically,  it 
varies  in  texture  from  being  loose  granular  to  fine-grained,  compact, 
and  highly  cemented  crystalline  limestone  or  marble.  At  the  typical 
occurrence  at  Cockeysville,  in  Baltimore  Coimty,  it  occurs  in  the  latter 
form,  and  has  hence  been  given  the  name  Cockeysville  marble. 

This  crystalline  limestone  or  Cockeysville  marble  has,  as  mentioned 
above,  been  correlated  with  the  Shenandoah  limestone.  Nevertheless 
for  the  reasons  that  have  been  stated  its  exact  position  in  the  strati - 
graphic  column  has  never  been  definitely  determined.     The  fact,  how- 

•  Johns  Hopkins  Univ.  Cir.,  1907. 


338  The  Limestones  of  Maryland 

ever,  that  on  either  end  of  the  extension  of  the  Cockeysville  marble  and 
the  underlying  and  superjacent  formations  there  is  a  sequence  into 
.  sedimentary  rocks  of  known  horizon  affords  a  correlation  such  as  given, 
but  one  which,  no  matter  how  striking  and  convincing  it  may  be,  until 
further  data  are  adduced,  can  be  only  tentative  and  unsatisfactory. 

However,  for  use  in  economic  work  the  age  of  this  crystalline  limestone 
is  not  nearly  as  important  as  its  actual  occurrence,  its  quality,  thickness^ 
and  its  availability  for  use  in  making  limes  and  cements.  It  varies  in 
thickness  from  0  feet  to  2300  feet,  and  has  an  average  thickness  that 
has  been  estimated  to  be  a  little  over  1100  feet.  The  quality  of  the 
stone  is  another  variable  quantity.  It  ranges  from  an  almost  pure 
coarse-grained  calcium  carbonate  to  one  high  in  magnesium  carbonate 
and  finer  in  grain.  It  may  also  contain  at  the  same  time  differeoit 
amounts  of  other  impurities.  It  is  worked  principally  in  the  vicinity  of 
Texas  and  Cockeysville.  It  has  also  been  quarried  for  building  purposes 
or  to  burn  into  lime  elsewhere  in  Baltimore  County,  but  compared  with 
the  operations  of  the  Texas-Cockeysville  district  these  have  been  unim- 
portant and  comparatively  insignificant. 

Distribution  of  Li/me  and  Cement  Materials  in  the  Eastern  Piedmont. 

Calcareous  Materials. — The  establishment  of  a  Portland  cement 
industry  in  the  eastern  Piedmont  requires  satisfactory  argillaceous  and 
calcareous  raw  materials.  The  lime-burning  industry,  however,  requires 
only  the  latter.  The  available  argillaceous  materials  consist  of  residual 
clays  and  schists  and  clays  of  the  Mesozoic  and  Cenozoic  formations 
which  occur  nearby  within  the  region  of  the  Coastal  Plain.  The  cal- 
careous materials  are  limited  to  the  Piedmont. 

The  most  valuable  deposits  for  lime  and  cement  in  the  eastern  Pied- 
mont are  found  on  either  side  of  the  main  line  of  the  Northern  Central 
Railroad  between  Sherwood  and  Cockeysville,  and  along  the  Maryland 
and  Pennsylvania  Eailroad  between  Lock  Eaven  and  Glen  Arm.  The 
most  extensive  operation  at  present  is  in  the  northern  portion  of  the 
former  area  in  the  vicinity  of  Texas  and  Cockeysville. 
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CockeysvUle  and  Texas  District, — At  Texas  the  stone  is  quarried 
chiefly  to  bum  into  lime  and  to  a  smaller  extent  for  use  for  fluxing  and 
building  purposes.  On  the  other  hand,  the  more  compact,  close-grained 
stone  around  Cockeysville  is  taken  out  chiefly  for  building  purposes. 
Some  of  it,  however,  is  also  channeled  especially  for  monumental  and 
statuary  work,  while  a  small  tonnage  of  the  product  goes  to  the  neighbor- 
ing kilns  and  is  there  burned  into  lime. 

The  limestones  of  Baltimore  County  are  represented  by  five  distinct 
types  of  stone  known  to  the  quarrymen  by  the  following  names: 

1.  Alum  stone. 

2.  Blue  stone. 

3.  Dolomite. 

4.  Magnesian  stone. 

5.  Mica-banded  limestone. 

Each  has  its  characteristic  mineralogical  and  chemical  content  and 
distinctive  physical  appearance;  and,  moreover,  each  differs  more  or 
less  in  the  uses  to  which  it  is  best  adapted  and  the  purposes  for  which 
it  is  generally  employed. 

The  alum  stone  is  a  coarsely  crystalline  limestone  which  occurs  typic- 
ally exposed  in  the  Ditman  quarry  west  of  Texas.  It  is  composed  of  large 
and  small  grains  of  calcite  averaging  about  \  of  an  inch  in  diameter. 
These  are  rather  poorly  cemented  together.  It  is  thus  a  very  loose- 
textured  crystalline  limestone,  and  hence  a  sample  the  size  of  ordinary 
hand  specimens  may  be  shattered  easily  and  separated  into  individual 
grains  by  one  or  two  sharp  blows  from  a  hammer.  The  color  is  pure 
white  and  the  stone  is  called  ^'  alum  stone ''  in  reference  to  its  supposed 
resemblance  after  calcination  to  large  lumps  of  alum.  In  composition 
it  is  usually  extremely  pure,  as  may  be  seen  from  the  analyses  (Nos. 
10-11)  below.  It  is  less  contaminated  by  impurities,  and  the  presence  of 
accessory  minerals  than  any  of  the  other  varieties  of  limestone  occurring 
in  the  eastern  Piedmont.  The  accessory  minerals  most  noticeable  mega- 
scopically  are  occasional  small  crystals  of  pyrites  and  chalcopyrite.  Be- 
cause of  its  high  content  of  calcium  oxide  and  loose-textured  character 
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the  alum  stone  is  more  suitable  for  manufacture  into  lime  than  it  is  as 
a  building  stone  or  as  a  road  metal,  and  is  acoordingly  extensively  used 
for  the  former  purpose.  In  view  of  its  low  content  of  silica  and  alumina 
it  has  also  proved  acceptable  as  a  fluxing  stone  either  for  the  open- 
hearth  or  blast  furnace,  and  because  of  its  low  content  of  magnesia  would 
be  equally  well  adapted  to  the  manufacture'  of  Portland  cement. 

Analyses  of  Cocketsville  Limestone,  Dithan  Quabbt,  Texas. 

No.  10.  No.  11.  No.  18. 

Snica    (SiO,)     36  2.10  4.90 

Alumina   (A1,0.)    20  .61  1.11 

Lime    (CaO)    52.72  53.70  50.92 

Magnesia  (MgO)    19  .61  1.34 

Carbon  dioxide  (CO,)   43.77  42.54  41.03 

Total    100.24  99.56  99.80 

No.  10.    Typical  specimen  of  alum  stone,  Ditman  Quarry. 

No.  11.    Represents  50-foot  face  of  alum  stone,  Ditman  Quarry. 

No.  13.    Typical  specimen  of  **  blue  stone/'  north  side  Ditman  Quarry. 

The  sample  on  which  the  second  analysis  (No.  11),  the  bulk  sample, 
was  made  was  taken  near  the  center  of  Ditman^s  Quarry  and  in  a  direc- 
tion S.  75**  W.  from  the  main  battery  of  kilns,  and  represents  50  feet 
of  stone  or  the  entire  face  at  this  point  of  the  quarry.  The  alum  stone 
is  here  flanked  on  either  side  by  two  different  types  of  stone.  On  the 
north  the  so-called  "blue  stone"  is  quarried,  and  on  the  south  the 
magnesian  variety.  All  three  varieties  are  burned  for  lime  and  each 
yields  a  different  grade,  the  best  lime  being  produced  from  the  alum 
stone.  The  "blue  stone ^^  produces  a  high-calcium  lime,  while  the 
magnesian  stone  yields  a  lime  high  in  magnesia. 

All  three  varieties  of  stone  exposed  in  the  Ditman  Quarry  have  a 
general  westward  dip  of  15®  to  18°.  The  limestone  is  fissured  through- 
out the  exposure,  and  especially  at  the  north  end  of  the  quarry.  Here 
the  fissures  dip  steeply  to  the  east,  the  exact  angle  being  close  to  85**, 
and  strike  N.  70**  W. 

The  "  hlue  stone  '*  is  a  hard,  compact  crystalline  limestone  of  a  pre- 
vailing grayish-blue  color.    Bands  of  varying  width  of  grayish-blue  color 
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alternate  with  bands  which  range  in  color  through  light  gray  to  dove  and 
almost  white.  Like  the  alum  stone  it  is  composed  of  grains  of  calcite 
whose  glistening  faces  make  the  crystalline  character  of  tlie  rock  evident 
at  a  glance.  These  are  tightly  cemented  together  so  that  the  rock  may 
be  used  either  as  a  building  stone  or  burnt  into  lime.  It  contains  more 
silica,  alumina,  and  iron  tlian  the  "  alum  stone,"  but  nevertheless  burns 
into  an  excellent  grade  of  lime.  It  is  also  low  enough  in  magnesia  for 
manufacture  into  Portland  cement. 

The  quantity  of  blue  and  alum  stone  in  the  quarry  appears  to  be  ample 
to  furnish  the  necessary  calcareous  material  for  a  Portland  cement  plant 
of  1500  to  2000  barrels  daily  capacity  for  period  of  at  least  25  years, 
but  in  order  to  determine  this  definitely  further  and  more  detailed  in- 
vestigation  would  be  necessary.  Analysis  No.  13  gives  the  composition 
of  the  blue  stone. 

The  dolomites  and  dolomitic  limestones,  when  the  impurities  of  silica, 
alumina,  and  iron  are  low  or  are  practically  absent,  are  white  and  hard, 
and  are  further  characterized  by  their  close-grained  texture.  They 
may  be  seen  typically  exposed  in  the  marble  quarries  at  Cockeysville 
where  the  samples  represented  by  the  following  analyses  were  collected: 

Analyses  of  Dolomite,  Beayeb  Dam  Quabbt,  (}ocket8VILLB.* 

No.  8.  No.  4. 

Silica   (SiO,)    0.44  5.57 

Alumina  (AlA)   1.22\ 

Iron  oxide  (Pe,Og) Trace  J 

Lime  (CaO)    30.73  29.08 

Magnesia  (MgO)   20.87  20.30 

Ignition  (CO.,  etc) 47.07  44.26 

Total     100.33  99.61 

•  U.  S.  Geol.  Survey,  Bull.  No.  150,  p.  801. 

It  may  be  observed  from  the  above  analyses  that  the  argillaceous  sub- 
stances are  low  while  the  content  of  magnesia  is  high.  Burning  such 
a  stone  would  yield  a  lime  too  high  in  magnesia  for  the  average  com- 
mercial use.    The  stone  is  well  adapted  for  building  purposes,  however. 
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and  is  extensively  quarried  by  the  chief  operator  at  Cockeyeville,  the 
Beaver  Dam  Marble  Company,  the  product  going  almost  entirely  to  meet 
the  demands  of  the  building  trade. 

The  extent  to  which  accessory  minerals,  such  as  phlogopite,  tremolite, 
biotite,  and  pyrite  occur  in  the  Cockeysville  stone  is  the  result  not  only 
of  the  metamorphism  which  has  converted  these  limestones  and  dolomites 
into  marble,  but  is  due  likewise  to  the  presence  in  the  stone  of  impurities 
like  silica,  alumina,  iron,  etc.  The  abundance  and  variety  of  accessory 
minerals  depend  obviously  on  the  composition  of  the  rock  just  as  much 
as  they  do  on  the  heat  and  pressure  to  which  it  has  been  subjected.  The 
content  of  accessory  minerals  in  which  iron  occurs  as  an  essential  con- 
stituent should  be  quite  low  in  a  marble  or  limestone  that  is  to  be  used 
in  exterior  structural  work.  If  this  is  not  the  case  the  stone  becomes 
streaked  on  oxidation  of  the  iron  with  stains  that  detract  materially 
from  its  general  appearance. 

The  above  analyses  of  the  Cockeysville  marble  indicate  that  the 
amount  of  accessory  minerals  that  would  be  formed  would  be  more  or 
less  insignificant  because  of  the  small  percentage  of  the  necessary  ele- 
ments. Those  that  do  occur  principally  are  tremolite,  diopside,  and 
minute  and  microscopic  crystals  of  phlogopite.  In  the  selected  rocks, 
however,  classified  here  as  dolomites,  with  especial  reference  to  the  typical 
pure  white  Cockeysville  marble,  the  impurity  minerals  mentioned  form 
such  a  small  fraction  of  a  per  cent,  of  the  whole  that  they  may  be  con- 
sidered as  occurring  in  purely  negligible  quantities  in  the  stone  placed 
on  the  market 

The  term  magnesian  stone  is  applied  to  the  variety  of  Cockeysville 
limestone  containing  phlogopite,  biotite,  and  other  accessory  minerals 
formed  from  the  argillaceous  elements  silica,  alumina,  and  ferric  oxide, 
as  the  result  of  metamorphism.  These  glistening  flakes  of  yellow  and 
black  mica  that  are  rather  evenly  distributed  through  the  rock,  give  it 
a  characteristic  appearance  by  which  it  may  always  be  easily  identified. 

The  folbwing  analysis  was  made  on  a  sample  of  this  stone  in  which 
phlogopite  was  the  dominant  accessory  mineral  taken  as  representative 
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of  the  crystalline  limestone  quarried  at  the  south  end  of  Ditman  Quarry 
at  Texas: 


I    2.08 


Analysis  (No.  12)  op  Maonesian  Stone,  Ditman  Quabby,  Texas. 

Silica  (SIO,)   6.65 

Alumina   (A1,0,)    

Iron  Oxide  (Fe,0,)   

Lime    (CaO)    33.58 

Magnesia  (MgO)    15.34 

Ignition     41.32 

98.97 

This  stone  when  calcined  necessarily  yields  a  quick-setting  high-mag- 
nesian  lime.  The  value-  of  the  lime,  however,  is  diminished  by  its  con- 
tent of  mica.  The  heat  of  the  kiln  has  very  little  effect  on  this  mineral, 
and  hence  after  calcination  it  is  found  in  the  lime  in  even  greater  amount 
than  it  was  in  the  original  rock. 

This  variety  of  limestone,  known  as  mic(P-handed  rock,  has  been  so 
called  because  of  the  arrangement  of  the  impurities  in  parallel  bands. 
Of  these  mineral  impurities  mica  is  the  most  noticeable.  This  variety 
of  stone  varies  widely  in  chemical  composition,  and  having  been  ex- 
tremely metamorphosed  contains  a  varied  assortment  of  minerals  such 
as  biotite,  phlogopite,  iron  pyrites,  quartz,  calcite,  dolomite,  and  so  on. 
Bands  impregnated  with  dark-colored  minerals  alternate  with  others 
that  are  white  in  color  and  more  or  less  free  from  the  minerals  into 
which  the  clayey  elements  enter  as  essential  constituents. 

These  white  bands,  ranging  in  width  from  a  fraction  of  an  inch  to 
several  inches,  are  composed  for  the  most  part  of  grains  of  calcite  and 
dolomite.  Both  sets  of  bands,  the  dark-colored  and  the  white,  generally 
lie  parallel  to  what  is  believed  to  be  the  original  bedding. 

Other  Districts, — In  other  areas,  such  as  the  Mine  Bank,  Dulaney, 
Caves,  Worthington,  and  Green  Spring  valleys,  this  limestone  has  been 
quarried  in  the  past  and  is  being  worked  in  a  small  way  now,  but  prin- 
cipally for  local  building  purposes  and  for  manufacture  into  agricultural 
lime.  These  limestone  valleys  are  either  anticlinal  in  character  as  in 
"The  Caves,*'  or  else  the  limestone  occupies  valleys  occurring  on  the 
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flanks  of  large  anticlines  with  the  limestone  forming  the  valley  floor, 
and  are  flanked  on  one  side  as  in  the  case  of  the  Green  Spring  Valley,  by 
a  quartzite  ridge,  and  on  the  other  with  hills  of  Wissahickon  schists. 

Argillaceous  Materials. — ^The  clayey  materials  of  the  eastern  Pied- 
mont consist  of  residual  and  transported  clays  and  the  Wissahickon 
schist,  while  the  clays  of  certain  of  the  Mesozoic  and  Cenozoic  forma- 
tions of  the  Coastal  Plain  are  also  available  for  use  in  combination  with 
the  eastern  Piedmont  limestone.  These  may  be  considered  in  the  order 
mentioned,  and  each  briefly  discussed  with  reference  to  its  value  in  the 
manufacture  of  Pori;land  cement. 

Residual  and  Transported  Clays, — Residual  clays  are  found  through- 
out the  eastern  Piedmont,  having  resulted  from  the  weathering  of  the 
underiying  rocks.  The  different  deposits  may  vary  widely  both  in  form, 
size,  and  chemical  composition.  The  transported  clays  which  are  found 
in  this  same  region  occur  in  the  valleys  mixed  with  the  residual  soil,  and 
along  and  in  the  courses  of  streams.  They  also  vary  in  the  shape  and 
size  of  the  deposit,  but  on  the  whole  are  finer  grained,  more  homogeneous 
in  character,  and  more  uniform  in  chemical  composition.  Careful  in- 
vestigation of  these  materials  on  the  part  of  those  interested  in  the  loca- 
tion of  Portland  cement  plants  would  doubtless  lead  to  the  location  of 
suitable  deposits  of  clays  of  both  kinds. 

WissahicJcon  Schist. — The  Wissahickon  schist  is  an  argillaceous  to 
siliceous  sedimentary  formation  that  was  formeriy  a  shale,  but  has  since 
been  altered  by  metamorphism  to  a  schist.  It  is  characterized  by  its 
high  content  of  such  metamorphic  minerals  as  garnet,  mica,  etc.  This 
formation  has  been  described  by  Mathews  and  Miller  as  consisting  of  "  a 
series  of  highly  micaceous,  very  schistose,  and  often  crinkled  aggregates 
of  quartz,  more  or  less  chloritized  biotite  and  garnet,  with  accessory 
orthoclase,  cyanite,  staurolite,  etc."  Both  its  variations  in  physical 
character  and  chemical  composition  and  the  stability  of  its  mineral  con- 
stituents probablv  make  it  entirelv  unsuitable  for  use  in  the  manu- 
facture  of  Portland  cement. 

Mesozoic  and  Cenozoic  Clays. — The  most  important  clayey  deposits 
accessible  to  the  eastern   Piedmont  district  that  mav  be  used   in  the 
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manufacture  of  Portland  cement  in  combination  with  the  limestone  occur- 
ring in  the  eastern  Piedmont  lie  witliin  the  limits  of  the  Coastal  Plain. 
They  range  in  geological  age  from  early  Mesozoic  to  late  Quaternary. 
The  formations  in  which  they  occur  consist  of  more  or  less  unconsolidated 
clayey,  siliceous,  and  calcareous  sediments  that  are  further  characterized 
by  occasional  indurated  beds. 

In  numerous  instances  the  Mesozoic  and  Cenozoic  clays,  which  have 
been  extensively  used  in  manufacture  of  brick,  terra  cotta,  and  other 
clay  products,  are  found  to  occur  where  they  may  be  easily  and  cheaply 
won,  with  the  advantage  also  of  being  well  located  for  transportation 
either  by  water  or  by  rail,  and  within  a  comparatively  short  haul  from 
the  deposits  of  limestone. 

The  following  table  gives  the  order  of  succession  of  the  formations  of 
Mesozoic  and  Cenozoic  age  that  occur  in  Maryland: 

Table  of  Coastal  Plain  Formation. 
Cenozoic. 
Pleistocene .Talbot ] 

Wicomico « Columbia  Group. 

Sunderland j 

Pliocene  (?) Lafayette. 

Miocene St.  Mary's. 

Choptank. 

Calvert. 
Eocene Nanjemoy ■)_  ,      ^ 

Aquia I  Pamunky  Group. 

Mesozoic. 
Upper  Cretaceous   Rancocas. 

Monmouth. 

Matawan. 

Magothy. 

Raxitan. 
Lower  Cretaceous  Patapsco ^ 

Arundel r Potomac  Group. 

Patuxent j 

Triasslc J«Iewark. 

All  of  these  formations,  except  the  Xewark,  which  occurs  in  Mont- 
gomery, Frederick,  and  Carroll  eountifs,  are  confined  to  the  Coastal  Plain 
and  its  borders.     Th<^v  are  limited  on  tlie  west  bv  the  Piedmont,  where 
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they  rest  unconformably  on  rocks  much  older  and  of  very  different 
character.  From  the  Piedmont  they  dip  gently  southeastward  toward 
Chesapeake  Bay  at  the  rate  of  30  to  50  feet  to  the  mile.  It  is  evident 
from  this,  therefore,  that  the  younger  formations  exhibit  their  greatest 
areal  distribution  along  and  near  the  bay  shore,  while  going  westward 
up  the  estuaries  of  the  bay  and  the  streams  that  flow  into  it  from  the 
"Western  Shore ^*  older  and  older  formations  are  successively  crossed 
until  one  encounters  finally  the  more  ancient  rocks  of  the  Piedmont. 
These  relationships  are  brought  out  on  the  geological  map  of  the  State 
recently  issued  by  the  Maryland  Geological  Survey.  With  this  map  one 
may  locate  also  the  limestones  of  the  eastern  Piedmont  and  observe  the 
proximity  of  these  to  the  different  formations  of  the  Coastal  Plain. 

In  selecting  the  materials  for  a  Portland  cement  plant  in  the  eastern 
Piedmont  the  matter  of  their  proximity  of  occurrence  would  be  one 
of  the  first  questions  to  be  considered.  The  plant  would  necessarily  be 
located  at  or  near  the  quarry  supplying  it  with  limestone.  As  the  lime-' 
stone  required  to  operate  such  a  plant  would  be  obtained  principally  from 
Baltimore  County  it  would  be  necessary  to  get  the  clayey  materials  enter- 
ing into  the  cement  mixture  somewhere  near  at  hand.  It  would  be 
useless,  therefore,  to  consider  clay  deposits  that  occurred  at  considerable 
distances  from  the  site  of  the  plant  unless  conditions  prevailed  making 
it  possible  to  deliver  the  clay  at  the  plant  at  a  reasonable  cost.  The 
most  suitable  deposits  so  far  known  occur  in  the  Pleistocene,  and  in  the 
Potomac  Group  of  the  Mesozoic. 

One  of  the  exposures  that  may  be  mentioned  where  suitable  clay  for 
a  plant  operating  on  Baltimore  County  limestone  lies  to  the  south  of 
Bodkin  Point,  in  Anne  Arundel  County.  Here  the  clay  can  be  ex- 
cavated by  steam-shovel  and  loaded  directly  into  barges  and  transported 
up  the  bay.  The  thickness  of  clay  deposits  exposed  along  the  bay  shore 
in  this  vicinity  varies  *  from  10  to  30  feet  or  more  in  thickness.  An 
analysis  of  a  sample  taken  by  Professor  Heinrich  Eies  ran  as  follows: 

♦  Md.  Geol.  Survey,  Vol.  IV,  Part  III,  p.  390. 
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Analysis  of  Plehstocenb  Clay,  Bodkin  Point,  Md. 
Silica  (SiO,)    69.40 

Alumina   (A1,0,)    19.70 

Iron  oxide  (Fe,0,)    2.00 

Lime   (CaO)    20 

Magnesia  (MgO)    60 

Alkalies   (NaaO  +  K,0)    62 

Ignition     7.85 

In  the  above  analysis  the  ratio  of  silica  to  alumina  is  as  it  should  be, 
between  3.1  and  4.1;  while  the  ratio  of  iron  oxide  and  alumina  to 
silica  is  also  satisfactory.  The  amount  of  magnesia  present  is  insig- 
nificant and  non-injurious,  being  many  times  less  than  3  per  cent.,  the 
allowable  upper  limit. 

Of  the  Potomac  Group  the  Anmdel  formation  probably  affords  the 
largest  deposits  of  clay  adapted  for  use  in  the  manufacture  of  Portland 
cement.  A  very  large  supply  occurs  at  Monumental  on  the  Baltimore 
and  Ohio  Bailroad.  Most  of  the  clay  here  *  Bies  describes  as  being 
bluish-gray  in  color,  while  the  upper  portions  are  often  oxidized  to  red 
and  yellow.  There  are  also  some  dark  organic  facies  in  parts  of  the 
bank. 

Near  Curtis  Bay  Junction  the  Arundel  clay  is  also  well  exposed.  Anal- 
yses made  on  material  collected  here  by  Ries  gave  the  following  results : 

Analyses  of  Arundel  Clays  near  Cubtis  Bay  Station. 

I.  n. 

Silica   (SIO,)    59.70  71.55 

Alumina  (AlA)    27.00  17.70 

Iron  oxide  (FejOj)   2.10  2.25 

Lime  (CaO)    60  .60 

Magnesia   (MgO)    52  .86 

Alkalies  (NaaO-hK,0)    1.96  .42 

Ignition    8.20  6.50 

Total   100.08  99.88 

Analysis  I.    Md.  Geol.  Survey,  Vol.  IV,  Part  III,  p.  431. 
Analysis  II.    Md.  Geol.  Survey,  Vol.  IV,  Part  III,  p.  433. 

Of  the  two  analyses  quoted  above  No.  I,  though  all  right  in  other 
respects,  is  too  high  in  alumina.    It  might,  however,  be  used  to  advan- 

*  Md.  GJeol.  Survey,  Vol.  IV,  Part  III,  p.  434. 
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tage  by  mixing  it  with  a  limestone  of  the  composition  of  the  **alum 
stone  ^'  at  Texas,  Mrl.,  in  which  the  content  of  alumina  is  verv  low. 
The  clay  represented  in  analysis  No.  II,  is  not  so  high  in  alumina  as 
No.  I,  but  in  this  respect  is  slightly  low.  In  Portland  cement  manu- 
facture a  clay  having  the  composition  shown  in  analysis  Xo.  II  would 
prove  more  satisfactory  than  a  clay  analyzing  like  No.  I.  Highly  alumi- 
nous Portland  cements  are  generally  discredited,  and  very  properly,  too, 
especially  if  they  are  intended  for  marine  work.  Many  of  the  clays  of 
the  Patapsco  formation  of  the  Potomac  Group  arc  often  sandy.  In  some 
of  the  deposits,  however,  analysis  shows,  as  in  the  case  of  the  one  quoted 
below,  that  the  constituents  are  suitably  proportioned  and  adapted  for 
use  in  Portland  cement: 


Name  of 
limestone. 


Marble. 

•» 


Alum  stone. 

Magnesia  stone. 
Illue  stone. 
Marble 


Analysis  of  Patapsco  Clay.  Bacox  Hill,  Cecil  County. 

Silica  (SIOj)    65.70 

Alumina   (AlA)    20.30 

Iron  oxide   (FeA>    100 

Lime    (CaO)    3  50 

Magnesia  (MgO)    1.44 

Alkalies    (NaaO  +  K,0)    0.62 

Ignition    7.60 

Total    100.16 

Analyses  of  Lime  and  Cement  Materials. 
Baltimore  County. 

g  .  I         = 

^t^  ""^^T    it  If      S  H  l|   I    I    I 

N , / 

.1    GockeysvUIe.    0.79  ....  6:62    ....  39.M  A.IH  88.60  100.00  70.0 

2  »»  2.83  ....  0.00    ....  62. as  2.aH  4.3.25  100.05  «2.6 

3  •»  0.44  1.23  ...     Tr.  30.73  20. S7  47.07  100.33  66.0 

4  "  6.67*  ....  0.40    ....  20.as  80.30  44.20  99.61  47.0 

5  "  2.3!)  ....  1.66     ....  29.30  20.S()  46.00  99.98  62.8 

6  *■  3.01  1.46 76  31. :»  lK.6f>  44.94  100.19  66.1 

7  '•  3.24  2.06  ...  .M  32.20  17. 62  44. .S7  100.83  67.6 

H  '•  6.73  2.62 66  29. W  19.05  41.90  10060  62.8 

9  '•  3.88  3.23  ....     1.03  .TO.JW  17.61  44.26  100.69  66.0 

10  Texas.  .36 20    ....     55.72        .19    43.77    100.24    99.6 

11  '»  2.10 61  ....  5:j.70  .61  42.64  J».66  96.8 

12  "  6.6.1  ....     2. OH  ....  'tH.hx  15.34  41. 3"^  98.97  60.0 

13  "  4.90  ...     Ml  ....  60. W  l.:tt  41.0:J  99.30  90.9 

14  *'  2.00  ....     0.00  ....  62. (W  2.:»  43.44  99.91  92.6 

•  Insol. 


Analyst. 

T.  M.Prlee. 
Jas.  HlKKins. 
J.  R.  Whltetleld. 
E.  A .  "Schneider. 
H.  .1.  Piittorson. 
O.  C.  Dransky. 
().  C.  Itransky. 
().  C.  Mransky. 
O.  C.  Kraosky. 
Zles  ft  Schmidt. 
Zlestt  Schmidt. 
Zies  Jt  i^hmldt. 
Zies  A  Schmidt.   ^ 
R.  S.  WilUamaon. 
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Summary  and  Statistics  for  the  Eastern  Piedmont. 

1'he  calcareous  deposits  of  the  eastern  Piedmont  consist  exclusively  of 
thoroughly  crystalline  marbles  which  vary  in  composition  from  pure  lime 
carbonate  to  dolomite,  and  from  these  pure  stones  to  calcareous  schists 
through  the  progressive  admixture  of  argillaceous  impurities. 

The  industry  based  on  the  working  of  these  materials  is  practically 
limited  to  Baltimore  County,  about  three  centers:  Cockevsville  and  Texas, 
Summerfield,  and  Glyndon.  Of  these  only  the  first  is  of  much  im- 
portance. The  quarrying  of  marble  as  a  building  stone  is  limited  almost 
entirely  to  Cockevsville.  The  production  of  lime  is  more  widespread, 
although  the  largest  production  is  from  the  Texas  region.  Other  smaller 
operations  are  reported  from  various  points  in  the  region :  From  Hess, 
in  Jlarford  County;  Fulton,  Highland,  and  Clarksville,  in  Howard 
county:  and  from  Dover,  Butler,  Glyndon,  and  Texas  in  Baltimore 
County.  At  many  points  old  hillside  kilns  may  be  seen  which  are  used 
intermittently  with  little  or  no  record  of  the  production. 

The  total  value  of  the  marble  and  lime  produced  in  the  eastern  Pied- 
mont in  1908  was  $137,")()1,  about  half  of  which  was  for  the  lime  burned 
for  agricultural  and  building  purposes.  Stone  for  flux  was  formerly 
quarried  at  Texas,  but  at  present  at  least  nine-tenths  of  the  limestone 
used  for  tiuxing  purposes  is  shipped  into  the  State  from  West  Virginia. 

LIST   OP   LIMB   AND   MARBLE   OPERATORS    IN   THE   EASTERN  PIEDMONT    OF 

MARYLAND. 

Baltimobe  County. 

operator.  office.  quarry. 

Baltimore  County  Marble  &  Trading  Co.  Baltimore    Summerfleld. 

Beaver  Dam  Marble  Co *'  CockeysviUe. 

Bluomont    Stone   Co Baltimore    Whitehall. 

Councilman,   Charles   A Glyndon    Glyndon. 

Cockey,  Ed.  A.  &  Son Owlngs  Mills   Gwynnbrook. 

Ditman,  Wm.  C Texan Texas. 

Lindsay,  Wm.   P Texas Texas. 

Myers,  Wm.  F Boring   Dover. 

Price,  M.  BlsscI  (Miss) CockeysviUe    CockeysviUe. 

Tumbaugh,  T Boring   Dover. 

Howard  County. 

Baker,  G.  F Marrlottsvllle   Marrlottsville. 

Waltery,    G.    Dallas Fulton    Fulton. 

Zepp,  P.  P Marrlottsville    Marrlottsville. 
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western  division  of  the  piedmont. 

The  western  division  of  the  Piedmont  has  been  separated  from  the 
eastern  in  earlier  descriptions  by  Parrs  Sidge.  In  the  present  discus- 
sion, however,  in  order  to  inchidc  the  crystalline  limestones  of  the  head- 
waters of  the  Gunpowder  River,  the  northern  portion  of  the  line  begins 
near  the  northeast  comer  of  Carroll  County  and  extends  thence  south- 
westerly uniting  with  the  more  generally  accepted  line  near  Westminster. 
That  portion  of  the  western  Piedmont  with  appreciable  amounts  of  lime- 
stone is  included  in  the  western  part  of  the  Westminster,  the  major 
portion  of  the  Taneytown,  and  parts  of  the  Mount  Airy,  Ijamsville,  and 
Emmitsburg  quadrangles,  i.  e.,  in  Carroll  and  the  northeastern  part  of 
Frederick  counties. 

The  western  division  of  the  Piedmont  in  Maryland  is  marked  topo- 
graphically, especially  in  its  nortliern  portion  where  the  limestones  occur, 
by  a  broad  upland  basin  sloping  gently  to  the  west.  Across  this  region 
trend  four  major  ridges  of  moderate  elevation,  separated  by  broad,  un- 
dulating valleys.  These  ridges,  respectively,  from  east  to  west,  may  be 
designated  as  Parrs  Ridge,  Mt.  Vernon  Hill,  Mt.  Zion  Ridge,  and 
Johnsville  Ridge.  A  minor  ridge,  marking  the  western  limits  of  the 
more  crystalline  rocks,  borders  the  Frederick  Valley.  These  ridges  owe 
their  elevation  to  the  presence  of  altered  acid  and  basic  volcanics  with 
quartzite  in  at  least  two  of  them. 

The  drainage  west  of  Parrs  Ridge  is  accomplished  by  Double  Pipe 
Creek  and  its  tributaries,  Israels,  Sams,  and  Turkey-foot  creeks.  These 
streams  cut  through  the  resistant  quartzitic  and  volcanic  ridges  and 
wend  their  way  westward  approximately  at  right  angles  to  the  general 
trend  of  the  limestone  vallevs  which  furnish  small  feeders.  The  waters 
of  these  streams  finally  mingle  with  those  of  the  Monocacy. 

Geology. 

The  geological  features  of  the  western  Piedmont  may  be  summarized 
as  follows:  The  general  trend  of  the  rocks  of  this  region  is  in  every 
respect  similar  to  that  of  the  rest  .of  the  Piedmont  on  the  east  and  the 
Appalachian  Mountains  on  the  west.    The  result  of  tlie  movements  which 
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have  given  these  rocks  their  present  trend  is  particularly  well  exhibited 
in  the  mapping  of  the  limestones.  In  the  southwestern  part  of  the 
area  the  strike  is  N.  25**  to  30°  E.,  but  about  4  miles  south  of  Union 
Bridge  the  strike  of  the  limestones  turns  to  the  northward  until  in  the 
vicinity  of  that  town  the  strike  ranges  from  N.  5**  to  15**  E.  Going 
northeastward,  however,  from  Union  Bridge  the  limestone  again  appears 
to  strike  more  strongly  to  the  east  and  comes  to  have  a  general  strike 
of  N.  20°  to  30°  E. 

It  is  thus  clear  that  this  region  has  experienced  the  same  general 
movements  that  have  affected  the  rocks  of  the  eastern  Piedmont  and 
caused  the  uplift  of  the  Appalachians  further  west.  The  trend  of  the 
rocks  of  the  three  regions  is  closely  parallel  and  concentric  in  arrange- 
ment to  the  same  seat  of  orogenic  action,  located  near  and  to  the  south- 
east of  Baltimore. 

The  relationships  existing  between  the  topography,  geology,  and  gen- 
eral structure  of  this  region  are  most  pronounced.  With  the  exception 
of  one  or  two  places  where  limestone  outcrops  on  and  near  the  hilltops 
the  greater  part  of  the  limestone  occupies  the  valley  floors.  The  prom- 
inent ridges  and  the  smaller  hills  are  made  up  mostly  of  altered  volcanics, 
with  quartzites  found  here  and  there  associated  with  them.  The  struc- 
ture of  the  valleys  in  which  limestone  occurs  is  generally  anticlinal,  while 
that  of  the  ridges  is  synclinal,  and  each  is  more  or  less  overturned  to  the 
westward.  In  both  instances  the  folding  has  been  most  complex,  and  is 
best  exhibited  in  the  minor  foldings  of  the  slatey  metarhyolites  and 
argillaceous  limestones,  the  latter  occurring  near  and  northeast  of 
Linwood. 

In  the  general  anticlinal  structure  of  the  valleys  minor  synclinal  folds 
sometimes  appear,  and  often  are  found  infolding  the  metamorphosed 
volcanics.  Likewise  the  synclinal  ridges  exhibit  at  times  small  anti- 
clinal folds  that  result  occasionally  in  exposing  at  the  surface  small 
areas  or  knobs  of  limestone.  Consequently  the  anticlines  in  this  sec- 
tion often  partake  more  or  less  of  the  nature  of  anticlinoria  and  the  syn- 
clines  of  synclinoria.  Both  exhibit  smaller  foldings  in  the  shape  of 
smaller  anticlines  and  svnclines.    These  smaller  flexures  are  subordinate 
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to  the  major  folding,  and  a  correct  cross-section  would  therefore  represent 
and  show  both  compound  and  doubly  compound  flexures,  the  extent  of 
the  latter  depending  upon  the  amount  of  minor  folding. 

While  the  characteristic  feature  of  the  f5triicture  of  the  western  Pied- 
mont is  the  prevailing  dip  eastward  and  the  sharp  folding  of  the  rocks 
into  anticlines  and  synclines,  which  are  overturned  to  the  west,  there 
is  good  reason  to  believe  that  far  more  faulting  has  occurred  than  has 
heretofore  been  suspected,  although  little  field  evidence  has  yet  been 
found  to  indicate  the  exact  location  and  actual  occurrence  of  such  fault- 
ing. It  has  been  suggested  that  this  whole  region,  structurally,  is  a 
great  fault  block  which  has  been  faulted  up  parallel  and  close  to  the 
arbitrary  line  taken  as  delineating  the  western  Piedmont  on  the  east, 
while  at  the  same  time  similar  displacement  occurred  on  the  west» 
roughly  paralleling  the  eastern  boundary  of  the  Frederick  County  Shen- 
andoah limestone,  and  that  the  more  apparent  folds  of  the  region  have 
been  imposed  subsequent  to  the  faulting. 

Types  of  Rocks. — Four  distinct  types  of  metamorphic  rocks,  each 
with  its  more  or  less  marked  varieties,  are  readily  recognized  in  this 
western  Piedmont  region.  These  are  limestones,  quartzites,  slates,  acid, 
and  basic  volcanics. 

Limestones. — In  this  region  there  are  three  different  kinds  of  lime- 
stone, (1)  the  white  crystalline  limestone,  (2)  the  variegated  limestone, 
and  (3)  the  argillaceous  limestone. 

The  white  crystalline  limestone  is  much  the  most  important  of  the 
three  varieties  named,  both  in  distribution  and  in  value.  It  is  a  fine- 
grained crystalline  limestone,  or  marble,  that  ranges  in  color  from 
cream  to  pure  white.  Analyses  made  on  different  samples  show  a  fair 
degree  of  uniformity  except  in  the  content  of  magnesia.  This  varies 
from  a  trace  to  15  or  20  per  cent.  The  limestone  contains  few  accessory 
minerals,  tlie  principal  of  which  are  diopside,  tremolite,  barite,  man- 
ganese ores,  pyrit^,  chalcopyrite,  bornite,  and  malachite. 

In  the  case  of  a  number  of  occurrences  to  be  mentioned  later  this  stone 
is  found  unusually  free  from  impurities  and  suited,  not  only  for  making 
lime  for  agricultural  use  and  linic  to  supply  the  building  trades,  but  for 
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all  purposes  for  which  an  unusually  high-calcium  limestone  is  required. 
Furthermore,  this  white  crystalline  limestone  may  also  be  employed  to 
advantage  in  structural  work.  It  takes  a  good  polish  and  but  for  lines 
of  weakness  that  have  been  developed  as  the  result  of  pressure  it  would 
be  unexcelled  as  a  marble  for  building  and  decorative  purpose  and  for 
fine  statuary  work  a^  well.  In  the  few  instances  where  the  rock  has  not 
suffered  seriously  from  the  sharp  folding  it  may  prove  valuable  for  all 
these  purposes. 

The  variegated  limestone  accompanies  the  white  variety  just  described, 
and  occurs  in  zones  where  the  latter  has  been  fractured  and  recemented. 
Locally,  it  is  referred  to  as  "  calico  limestone  "  in  reference  to  the  fact 
that  it  is  composed  of  both  white  and  colored  fragments,  the  latter 
ranging  in  color  from  nearly  red  to  a  faint  pink.  The  reddish  to  pinkish 
parts  of  the  stone  are  due  to  the  presence  of  small  amounts  of  manganese 
and  associated  iron.  These  metals  seem  to  have  been  introduced  from 
below  by  uprising  solutions  carrying  also  in  certain  cases  small  amounts 
of  copper.  The  presence  of  copper  in  this  variety  of  the  limestone  has 
led  to  a  considerable  amount  of  prospecting  and  exploitive  work  which 
so  far  has  proved  disappointing  from  a  commercial  standpoint. 

The  copper  ores,  which  are  principally  bornite  and  chalcopyrite,  are, 
however,  not  wholly  confined  to  the  limestones  of  the  characteristic  varie- 
gated sort.  These  variegated  limestones  are  always  present  in  the  more 
fractured  zones  of  limestones;  but  the  copper  ores,  as  in  the  old  Liberty 
Mine  southwest  of  Johnsville,  where  the  limestone  carried  .75  to  1  per 
cent,  of  metallic  copper,  are  found  also  impregnating  portions  of  the 
accompanying  white  crystalline  limestone  of  the  type  first  mentioned. 
It  is  interesting  to  note,  moreover,  that  in  these  fissured  and  fractured 
zones  the  limestones  are  also  usually  inclined  to  be  high  in  their  content 
of  magnesia,  and  where  copper  is  present  are  found  to  be  in  close  asso- 
ciation with  igneous  rocks. 

The  variegated  limestones,  as  might  have  been  inferred,  are  also 
crystalline  in  character.  When  cut  and  polished  they  form  an  excep- 
tionally attractive  decorative  stone.  However,  they  have  never  been 
extensively  worked  for  this  purpose,  although  this  might  be  done  by  em- 
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ploying  suitable  channeling  machines  in  certain  instances  where  the  rock 
may  be  obtained  in  good  marketable  shape.  The  principal  defect  of  the 
rock  is  inherent  to  its  manner  of  origin.  The  lines  of  weakness  developed 
as  the  result  of  the  crushing  and  Assuring  action  experienced,  still  remain 
in  spite  of  the  recementing  of  the  parts  and  might  interfere  seriously 
in  the  preparation  of  this  stone  for  actual  use. 

In  chemical  composition  these  variegated  crystalline  limestones,  or 
marbles,  are  sometimes  very  high  in  calcium  carbonate  and  low  in  im- 
purities, as  shown  by  the  folbwing  analysis.  Generally,  however,  they 
contain  4  or  5  per  cent,  of  magnesia,  with  varying  amounts  of  silica 
and  alumina. 

The  following  is  an  analysis  of  a  sample  high  in  calcium  carbonate: 

Analysis  of  Vabieoated  Limestoite,  Union  Bbidgb. 

No.  16. 
Silica  (SIO,)    1.42 

Alumina   ( AljO,)    

Iron  oxide  (Fe,0,) 

Lime    (CaO)    63.04 

Magnesia  (MgO)    1.49 

Manganese  (MnO) 10 

Ignition 43.20 

Total    99.99 

The  argillaceous  limestone  overlies  the  white  crystalline  limestone  de- 
scribed on  a  previous  page.  It  varies  in  color  from  gray  to  dark  blue. 
The  folding  and  fracturing  which  the  white  crystalline  limestone  and  all 
the  rocks  of  this  region  have  experienced  is  in  this  third  type  of  Piedmont 
limestone  clearly  revealed.  The  minor  folding  exhibited  in  the  small 
anticlines  and  synclines  are  all  more  or  less  compressed  and  overturned 
westward. 

Besides  having  been  profoundly  folded  this  rock  has  also  been  greatly 
fissured  and  is  streaked  with  veins  both  of  quartz  and  calcite.  It  ap- 
pears to  represent  a  facies  of  the  white  crystalline  limestone  formation, 
to  which  it  is  superjacent,  resulting  from  the  introduction  during  the 
period  of  limestone  deposition  of  land-derived  sediment*?. 
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Quartzites, — ^The  quartzite  of  this  district  is  best  exposed  in  the  Johns- 
ville  Ridge.  It  is  composed  of  fine  grains  of  quartz  originally  deposited, 
of  course,  as  sand  that  accumulated  to  form  a  sandstone.  Subsequently 
dynamic  metamorphism  has  converted  the  sandstone  into  a  hard  quartz- 
ite. Quartz  veining  and  secondary  cleavage  that  may  be  mistaken  for 
true  bedding  also  evidence  the  tremendous  stresses  to  which  it  has  been 
subjected.  This  may  be  of  the  same  age  as  the  Weverton,  which  it  re- 
sembles, but  its  stratigraphic  position  was  not  satisfactorily  established 
during  the  field  study  of  the  nearby  limestones. 

Slates, — The  slates  of  the  western  Piedmont,  referred  to  in  eariier 
publications  as  phyllite,  are  metamorphosed  representatives  of  normal 
sedimentary  deposits  and  of  igneous  rocks,  both  tuffs  and  lavas.  The 
relations  between  the  two  have  not  been  determined  satisfactorily,  but 
in  places  they  seem  to  grade  into  each  other,  suggesting  that  some,  at 
least,  were  formed  by  the  contemporaneous  deposition  of  volcanic  ash 
and  land-derived  materials  under  subaqueous  conditions.  The  decipher- 
ing of  their  relationships  and  their  relative  areal  distribution  requiring 
accurate  and  detailed  topographic  maps  necessitated  a  postponement 
of  the  solution  of  this  question  until  such  maps  are  available. 

That  many  of  the  slates  are  metamorphosed  volcanics  is  shown  by  the 
presence  of  little  feldspar  crystals,  which  may  be  seen  by  the  naked  eye, 
and  still  better  with  the  aid  of  a  good  magnifying  glass,  and  by  the 
relatively  high  content  of  the  alkalies  shown  by  the  analyses  below.  The 
content  of  alkalies  of  two  slates  found  in  contact  with  the  white  crystal- 
line limestone,  one  a  typical  gray  with  slight  pinkish  tint,  and  the  other 
a  characteristic  purple,  are  as  follows: 

Alkali  Determinations  of  Volcanic  Slates,  Union  Bbidoe. 

I.  IL 

Soda    (Na,0)    73  1.51 

Potash  (K,0)    6.02  4.18 

Total     6.75  5.69 

I.    Graj'  slate  No.  8,  Clemson  Slate  Quarry. 
II.    Purple  slate.  Union  Bridge. 
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The  slates  of  this  region  diifer  greatly  in  the  degree  of  their  fissility. 
The  cleavage  in  some  cases  is  so  highly  developed,  as  at  Ijamsville,  that 
they  have  been  worked  occasionally  for  more  than  a  century  to  meet 
local  demands  for  roofing  slates.  Attempts  have  been  made  to  establish 
a  more  general  quarrying  industry,  but  this  has  failed  since  the  finished 
slates  lack  the  ''ring^'  assumed  by  the  trade  to  be  an  evidence  of 
permanency.  Long  exposures  on  local  structures  have  proven  their 
permanency,  but  it  is  improbable  that  an  industry  can  be  established. 

Basic  and  Acid  Volcanics, — In  addition  to  the  slates  of  undisputed 
igneous  origin,  two  other  types  of  igneous  rocks  that  may  be  readily 
distinguished  in  the  field  are  the  basic  and  acid  volcanics,  the  former 
allied  in  composition  to  basalts  and  diabases  and  the  latter  to  rhyolites. 
They  are  harder  and  less  schistose  than  the  slates  and  have  a  fine-grained 
ground  mass  in  which  small  crystals  of  quartz  and  feldspar,  though 
rarely  very  prominent  are,  in  most  instances,  clearly  discernible.  They 
are  the  chief  ridge  makers  of  the  region.  Megascopically,  they  are  exact 
analogues  of  certain  of  the  acid  and  basic  eruptives  occurring  in  the 
Monterey  district  and  that  portion  of  South  Mountain  which  lies  in 
Franklin  and  Adams  counties,  Pennsylvania,  which  have  been  mapped 
and  studied  both  in  the  field  and  laboratory  by  Dr.  Florence  Bascom.* 

The  basic  volcanics  are  much  more  widely  distributed  in  the  western 
Piedmont  than  the  acid  volcanics,  as  is  also  the  case  in  the  Monterey 
district.  The  age  relationship  between  them  has  not  been  satisfactorily 
determined  in  either  district.  Both  are  found  intimately  mingled,  and 
the  field  evidence  points  to  the  occurrence  in  both  regions  of  several 
sources  of  lava  flow. 

In  the  western  Piedmont  the  chief  supply  of  basic  and  acid  lava  was 
poured  out  from  volcanic  vents  situated,  respectively,  in  the  northern 
and  southern  portion  of  the  region. 

The  basic  volcanics  or  "  greenstones "  of  the  western  Piedmont  are 
characteristically  green  to  greenish-gray  in  color,  owing  to  the  presence 
of  epidote  and  chlorite.    Besides,  as  has  been  pointed  out,  having  ana- 

*  U.  S.  Geol.  Survey,  Bull.  No.  136. 
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logues  in  the  Monterey  districts  the  more  metamorphosed  representatives 
are  strikingly  similar  to  the  Catoctin  schists  which,  according  to  Keith,* 
have  resulted  from  the  alteration  of  diabase,  the  latter  originating  as 
"  a  flow  of  lava  along  the  surface/'  He  describes  the  Catoctin  schist 
as  follows :  "  The  schist  was  originally  a  diabase  or  volcanic  rock,  com- 
posed of  crystals  of  feldspar,  pyroxene,  olivine,  magnetite,  and  ilmenite. 
The  original  massive  rock  was  altered  by  tremendous  pressure  and  dis- 
tortion which  accompanied  folding,  so  that  pyroxene  became  chlorite, 
magnetite,  and  quartz,  and  the  feldspar  was  partly  altered  to  quartz, 
chlorite,  and  muscovite.  The  new  minerals  were  arranged  parallel  to 
one  another,  and  thus  the  rock  became  a  schist,  characterized  by  the 
ease  of  splitting  along  these  minerals.^'  This  description  would  apply 
equally  well  as  to  the  origin,  metamorphism,  and  physical  characteristics 
of  most  of  the  crumpled  schistose,  slatey,  and  epidotic  basic  volcanics 
of  the  western  Piedmont. 

The  basic  volcanics  of  the  western  Piedmont  though  usually  schistose, 
compact  and  fine-grained,  and  specked  with  irregularly  arranged  crystals 
of  quartz  and  feldspar  sometimes  occur  also  with  a  prominent  amyg- 
daloidal  structure.  The  rock  in  this  case  is  pitted  with  round,  oblong,  and 
irregular-shaped  cavities  rimmed  with  iron  oxide,  which  are  either  empty 
or  partially  filled  with  the  minerals  calcite,  epidote,  etc.  Because  of  these 
features  the  local  name  "  honey-comb '*  rock  has  been  adopted,  a  term 
not  so  scientific  as  it  might  be,  but  nevertheless  thoroughly  descriptive  of 
the  characteristics  just  mentioned. 

The  acid  volcanics  of  the  western  Piedmont  region  may  be  distinguished 
in  the  field  from  the  more  basic  rocks  by  their  difiPerence  in  color,  which 
ranges  with  intermediate  shades  from  blue  to  gray  and  purple.  These 
rocks  occur  intimately  associated  with  the  basic  volcanics  or  "green- 
stones "  in  the  northern  part  of  Frederick  and  Carroll  counties,  and 
because  of  the  lack  of  satisfactory  maps  the  two  have  not  been  separated 
in  mapping.  Southwestward  from  Union  Bridge  to  Liberty  the  acid 
volcanics  increase  in  prominence  and  in  areal  distribution,  showing  that 

*  U.  S.  Geol.  Survey,  Geologic  Atlas,  folio  10. 
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they  were  originally  poured  out  from  one  or  more  volcanic  vents  to  the 
southward,  while  on  the  other  hand  the  basic  emptives  originated  from 
a  seat   of  volcanic  activity  to  the  north. 

The  basic  and  acid  volcanics  of  the  western  Piedmont  lack  many  of 
the  different  phases  of  crystallization  that  are  exhibited  by  the  emptives 
in  the  Monterey  district,  being  on  the  whole  less  porphyritic.  When 
phenocrysts  do  occur  they  are  smaller  and  embedded  in  a  finer-grained 
ground  mass.  These  rocks  also  give  less  evidence  of  flow  structure  and, 
so  far  as  has  been  seen,  no  evidence  of  lithophysal  or  spherulitic  textures. 
If  the  latter  were  ever  present  in  the  rocks  they  have  either  been  over- 
looked or  entirely  destroyed  by  the  development  of  the  schistosity.  As 
a  whole,  the  volcanics  of  the  Piedmont  seem  to  have  suffered  more  meta- 
morphism  than  the  similar  rocks  exposed  in  tlie  South  Mountain  area, 
and  are  consequently  more  schistose  and  sheared  than  their  representa- 
tives farther  west.  Nevertheless,  there  exist  large  volcanic  areas  where 
the  rocks  of  the  two  regions  are  practically  indistinguishable. 

The  ancient  basic  and  acid  volcanics  of  the  Monterey  district  are  suc- 
ceeded in  the  western  and  central  part  of  the  area  by  the  Monterey  sand- 
stone. Dr.  Bascom  thinks  that  this  sandstone,  which  is  Cambrian  in 
age,  was  deposited  upon  the  underlying  eruptives.  This  would,  of  course, 
make  the  age  of  the  eruptives  pre-Cambrian. 

Geological  Sequence. — The  four  types  of  rock  described  are  found 
overlying  each  other  near  the  Sauble  Quarry  on  the  south  end  of  the 
Johnsville  ridge  east  of  Johnsville.  Here  the  order  of  superposition 
from  top  to  bottom  is : 

Altered  volcanics, 

Slate, 

Limestone, 

Quartzite. 

If  this  succession  is  the  normal  sequence  then  all  of  the  rocks  are 
pre-Cambrian,  provided  the  volcanics  of  the  Monterey  and  western  Pied- 
mont represent  the  same  formation  as  they  are  supposed  to  do.  Such 
an  interpretation  makes  the  limestone  and  quartzite  older  than  any 
similar  rocks  known  in  the  State. 
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There  are^  however^  many  field  obserrations  against  this  simple  inter- 
pretation. At  several  paints  shales  or  slates^  presumed  to  be  the  equiva- 
lent of  the  nearby  Martinsburg  shales^  appear  to  be  interbedded  with 
volcanics^  suggesting  that  some  of  these^  at  least,  are  Ordovician  rather 
than  pre-Cambrian.  At  nearly  all  points  the  contact  between  the  lime- 
stones and  the  superincumbent  volcanics  is  not  a  contact  of  conformable 
beds.  If  this  were  the  case  one  might  expect  to  find  evidences  of  con- 
tact action  in  the  limestones  due  to  the  pouring  over  it  of  molten  lavas. 
Moreover,  the  contact  plane  is  often  polished  and  slickensides,  proving 
that  it  has  been  a  plane  of  movement  and  faulting. 

Two  explanations  may  be  given  to  the  phenomena  as  now  known : 

1.  The  volcanics  of  the  Piedmont  may  be,  in  part,  at  least,  of  Ordo- 
vician age,  in  which  case  the  limestones  may  represent  metamorphosed 
equivalents  of  the  nearby  Shenandoah  group,  or 

2.  The  volcanics  may  be  pre-Cambrian  and  overlie  the  limestones 
through  thrust  faulting  along  a  plane  near  the  upper  limit  of  the  lime- 
stones, in  which  case  the  limestones  may  be  of  Loudon  or  Shenandoah 
age. 

The  final  solution  of  the  problem  must  await  detailed  mapping  of  the 
area  on  satisfactory  base  maps.  The  discussion  of  these  formations  as 
sources  for  material  in  the  manufacture  of  lime  and  cement  will  not, 
however,  be  affected  by  the  ultimate  solution  of  the  question  of  theii 
geological  age. 

Triassio. — Overlying  the  older  rocks  of  the  western  Piedmont  and  the 
shales,  limestones,  and  quartzites  of  known  Ordovician  and  Cambrian 
age  in  the  Frederick  Valley  are  the  much  younger  ''red  beds''  of  the 
Newark  formation.  Deposits  of  this  age  and  character  are  known  from 
Connecticut  southward  as  far  as  the  Carolinas.  Whether  these  rocks 
were  laid  down  as  a  continuous  formation  or  in  isolated  areas  is  not 
known.  It  is  generally  agreed,  however,  that  they  are  of  shallow-water 
formation,  and  that  they  were  laid  down  in  estuaries  or  lagoons  within  the 
continental  area. 

In  Maryland,  as  elsewhere,  the  formation  consists  of  red  and  gray 
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sandstones  and  shales^  with  occasional  intercalated  beds  of  calcaxBoms 
conglomerate  or  "  calico  marble/' 

The  Newark  beds  enter  the  State  from  the  north  between  Emmiifr-. 
burg  and  Taneytown,  with  a  breadth  of  14  to  15  miles^  and  natircnr 
rapidly  southward  until  they  are  interrupted  by  erosion  at  a  point  west 
of  Frederick^  exposing  the  underlying  Shenandoah  limestones  faulted 
upon  the  Cambrian  rocks  of  Catoctin  Mountain.  Southward  from. this 
point  they  widen  gradually,  extending  with  a  slight  break  in  the  Valley 
of  the  Monocacy  into  southwestern  Montgomery  County. 

The  Newark  formation  lies  unconformably  on  the  Piedmont  lime- 
stones and  associated  altered  volcanics  which  are  exposed  in  the  north* 
western  part  of  the  Taney  town  quadrangle  wherever  the  Newark  forma- 
tion has  been  sufiSciently  eroded.  The  volcanics,  Shenandoah  limestones, 
Martinsburg  shales,  and  Piedmont  limestones  all  pass  beneath  this 
formation. 

Distrihuiion  of  Lime  and  Cement  Materials  in  Western  Piedmont, 

Piedmont  Limestones  of  Carroll  County. — The  limestones  of  Car- 
roll County  all  belong  to  the  western  Piedmont  type.  They  occur,  in 
narrow  anticlinal  valleys  striking  northeast  and  southwest  with  a  general 
flexure  in  their  trend  to  more  nearly  east  and  west  in  the  vicinity  of 
Union  Bridge. 

The  exposures  in  the  northeastern  comer  of  the  county,  along  the 
Hanover  Branch  of  the  Western  Maryland  Railroad,  are  small  and  un- 
satisfactory  for  large  scale  operations  in  lime  or  cement  manufacture. 
Stone  has  been  quarried  and  burned  for  local  consumption  in  the  vicinity 
of  Miller,  Alesia,  and  Lineboro,  but  the  quality  and  quantity  are  both 
unsatisfactory.  Both  north  and  south  of  the  latter  point  they  have  been 
exposed  in  mining  for  iron  ore  with  which  the  limestone  is  here  asso- 
ciated. 

Small  lenses  of  limestone  occur  southwest  of  Lineboro  in  the  Bachman 
Valley,  but  no  deposits  of  appreciable  size  are  encountered  until  in  the 
vicinity  of  Westminster. 
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The  areal  distribution  of  the  exposure  is  represented  in  the  axjcom- 
panying  map,  and  where  samples  have  been  taken  for  analysis  the  location 
is  indicated  by  numbers  corresponding  to  those  assigned  the  analyses  in 
the  accompanying  list.  By  referring  to  the  map  and  analyses  it  is  pos- 
sible to  gain  an  accurate  idea  of  the  composition  of  the  stone  at  a  given 
locality. 

North  of  Westminster  is  the  Orndorf  Quarry,  This  is  reached  by  the 
road  from  Westminster  to  Stoner,  and  is  about  3  miles  north  of  the 
former.  This  is  a  small  quarry,  and  while  a  considerable  quantity  of 
stone  has  been  quarried  in  the  past,  and  the  lime  made  from  it  sold 
chiefly  for  agricultural  purposes,  it  is  capable  now  of  very  little  further 
development  because  of  its  heavy  overburden  of  volcanics. 

The  limestone  occurrences  within  the  limits  of  the  northern  half  of 
the  Taneytown  quadrangle  though  geologically  important  are,  however, 
from  a  commercial  viewpoint,  insignificant.  Their  distribution  is  limited 
and  is  restricted  to  the  vicinity  east  of  Mayberry  and  west  of  Silver  Eun. 

Quarries  have  been  opened  and  operated  on  white  crystalline  lime- 
stone both  to  the  north  and  the  southwest  of  Westminster.  Those  located 
in  the  latter  direction  are  centered  about  Spring  Mills,  which  is  on  the 
Western  Maryland  Railroad  about  IJ  miles  west  of  Westminster.  There 
are  four  quarries  here,  but  only  two  are  in  operation.  Both  of  these  are 
small  and  neither  is  capable  of  large  development  because  of  the  heavy 
overburden  of  soil  and  volcanics.  The  first  of  these  to  be  considered  is 
the  Oeo.  W,  Alhaugh  Quarry,  which  is  situated  on  the  north  side  of  the 
Western  Maryland  track  f  of  a  mile  east  of  Spring  Mills,  or,  in  other 
words,  between  Spring  Mills  and  Westminster.  The  geographic  position 
of  the  quarry  and  the  composition  of  the  stone  are  both  indicated  by 
"  No.  1  "  on  the  map  and  in  the  table  of  analyses,  respectively.  By  con- 
sulting the  reference  number  in  the  table  of  Carroll  County  analyses,  it 
will  be  seen  that  so  far  as  the  quality  of  the  limestone  is  concerned 
it  would  fully  meet  the  requirements  for  use  in  the  manufacture  of 
Portland  cement.  The  quantity  of  material  that  could  be  economically 
quarried  would,  however,  be  insufficient.  On  the  northwest  side  of  the 
quarry,  which  would  be  the  natural  direction  for  development,  the  white 
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crystalline  limestone^  exhibiting  here  and  there  bands  of  blue  limestone, 
is  capped  by  a  heavy  cover  of  volcanics  that  forbids  mnch  further  work 
in  this  direction. 

The  quarries  located  at  the  points  Nos.  2  and  3^  respectively,  northeast 
and  southwest  of  Spring  Mills,  have  long  since  been  abandoned  because 
of  the  small  exposures,  and  because,  too,  of  the  heavy  overburden  of  vol- 
canic material  and  the  consequent  high  cost  of  quarrying  at  both  these 
places.  The  quality  of  stone  at  each  of  these  small  quarries  is  such  as 
to  make  it  adapted  to  mix  with  a  suitable  shale  in  the  manufacture  of 
Portland  cement,  but  in  both  occurrences  there  is  a  deficiency  in  the 
quantity  of  the  material  susceptible  of  economic  working. 

The  only  quarry  to  the  southeast  of  Spring  Mills  and  Warfieldsburg, 
that  is  in  operation,  is  known  as  the  Roop  Quarry.  This  is  opened  on  the 
white  crystalline  limestone,  which  is  much  fissured  and  accompanied  by 
some  limestone  of  the  "calico*'  variety.  The  former  forms  the  floor 
of  the  little  valley  that  extends  nearly  all  the  way  from  Spring  Mills  to 
Warfieldsburg.  The  quarry  is  situated  on  the  west  side  of  this  valley 
and  is  opened  under  the  brow  of  the  hill,  an  outlier  of  Parrs  Sidge,  that 
rises  in  this  direction.  The  working  face  is  from  15  to  35  feet  high, 
with  a  cover,  which  is  mainly  at  the  south  end  of  the  quarry,  ranging 
from  10  to  18  feet  in  thickness.  The  dimensions  of  the  quarry  are  as 
follows :  85  feet  northeast  and  southwest  and  30  to  50  feet  northwest  and 
southeast.  The  hard,  pink-streaked  white  limestgne  that  is  obtained  here 
and  used  mostly  for  manufacture  into  lime  is  high  in  magnesia,  con- 
taining 15.30  per  cent,  of  magnesia  (see  analysis  No.  4). 

Of  the  small  quarries  that  have  been  opened  east  of  Wakefield  and 
west  of  Parrs  Ridge,  the  only  one  perhaps  worth  mentioning  is  situated 
about  a  mile  nearly  due  north  from  Avondale,  and  about  midway  between 
Copps  Branch  and  the  road  passing  along  the  west  fiank  of  Parrs  Ridge. 
This  is  known  as  the  B,  F,  Shriver  Qiuirry,  and  its  precise  location  on 
the  map  is  indicated  by  the  number  5. 

The  white  crystalline  limestone  of  this  quarry  is  intensely  fissured 
and  is  overlain  on  the  west  by  a  thick  mantle  of  volcanic  rock  of  the 
amygdaloidal  or  "  honey  comb  '^  type,  prohibiting,  except  at  a  considerable 
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cost,  any  further  extensive  development  of  this  side  of  the  quarry.  The 
Shriver  Quarry  is  no  exception  to  the  fact,  to  which  attention  has  already 
been  called,  that  when  the  limestones  of  this  region  occur  much  fissured 
and  intimately  associated  with  volcanics,  they  are  usually  high  in  mag- 
nesia. The  content  of  magnesia  in  the  Shriver  Quarry  is  slightly  over 
10  per  cent,  (see  analysis  No.  5). 

William  Carbaugh's  Qtuirry  (No.  6)  is  located  just  outside  of  the 
town  of  New  Windsor  on  the  south  side  of  the  south  fork  of  Pipe  Creek 
and  east  of  the  small  stream  that  enters  the  creek  within  a  stone's  throw 
north  of  the  quarry.  Here  the  limestone  is  high  in  magnesia,  as  is  found 
to  be  the  case  nearly  everywhere,  that  the  western  Piedmont  limestone 
is  either  greatly  fissured  or  is  closely  associated  with  the  less  altered 
of  the  volcanics.  The  limestone  here  lies  between  the  volcanics.  Where 
the  former  is  superjacent  to  the  volcanic  material  on  the  west  there  is 
a  marked  difference  in  the  dip  of  the  two  rocks.  The  dip  of  the  lime- 
stones is  15**  E.  while  that  of  the  planes  of  schistosity  of  the  volcanic 
is  70  **  to  80**  E.  In  the  old,  abandoned  quarry  due  west,  located  on  the 
south  side  of  the  juncture  of  the  road  from  the  quarry  to  the  turnpike, 
this  volcanic  is  again  in  contact  with  the  limestone,  which,  as  previously 
stated,. lies  between  beds  of  altered  rock  of  igneous  origin.  The  structure 
here  is  strongly  suggestive  of  step  faulting,  accompanied  and  followed 
by  folding. 

Two  other  quarries  opened  on  white  crystalline  limestone  are  located 
on  the  northwest  side  of  the  ridge  that  extends  from  New  Windsor  north- 
eastward by  Wakefield.  They  are  situated  on  the  west  bank  of  Little 
Pipe  Creek.  The  first,  the  Geo.  R.  Staub  Quarry  (No.  11),  being  about 
f  of  a  mile  north  of  the  juncture  of  Turkey  Foot  Run  and  Pipe  Creek. 
The  other,  the  small  quarry  (No.  12)  owned  by  Dennis  A.  Smith,  is 
nearly  opposite  the  point  where  tlie  run  flows  into  the  creek. 

The  Oeorge  R,  Staub  Qtuirry  (No.  11)  is  located  bnt  a  short  distance 
up  the  creek  from  the  Smith  Quarry.  In  the  past  the  Staub  Quarry 
has  been  extensively  worked  and  the  stone  burned  into  lime,  but  it  now 
lies  idle,  chiefly  because  of  the  expense  attendant  upon  removing  the  over- 
burden of  residual  soil  which  varies  in  thickness  from  3  to  15  feet.    The 
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length  of  the  quarry  in  the  direction  parallel  to  the  creek  is  close  to 
300  feet,  and  ranges  in  width,  east  and  west,  from  50  to  150  feet.  The 
average  breast  is  about  22  feet.  As  can  be  seen  from  the  Carroll  County 
table  of  analyses  the  stone  obtained  here  is  low  in  iron,  alumina,  and 
silica  but  high  in  magnesia. 

The  stone  obtainable  from  the  Dennis  A,  Smith  Quarry  (No.  12)  is 
low  in  magnesia  and  would,  but  for  its  distance  from  the  railroad,  the 
low-working  face,  and  the  expense  of  quarrying,  be  suitable  for  manu- 
facture into  Portland  cement.  The  breast  of  stone  is  about  15  feet  high 
and  is  covered  above  with  nearly  3  feet  of  residual  soil.  It  dips  50®  E., 
and  bums  into  a  very  good  grade  of  lime. 

At  all  of  the  quarries  south  of  New  Windsor  the  limestone  is  of  the 
white  crystalline  variety,  and  as  usual  is  so  greatly  fissured  because  of  the 
stresses,  pressure,  and  distortion  it  has  ex|)erienced,  that  the  original 
bedding  planes  and  their  direction  of  dip  are  partially,  if  not  wholly,  ob- 
scured by  other  planes  and  fissures  superinduced  by  the  forces  just  men- 
tioned. Nevertheless,  in  spite  of  tlie  secondary  cleavage,  the  original 
stratification  planes,  if  they  have  been  correctly  identified,  may  be  said 
to  dip  from  10**  to  15°  east. 

About  a  mile  and  a  half  farther  up  the  narrow  limestone  valley  drained 
by  the  small  stream  passing  the  Carbaugh  Quarry  there  is  another  quarry 
that  has  been  opened  and  operated  on  a  small  scale,  which  is  known  as 
the  A,  Rupp  Quarry,    Its  position  on  the  map  is  shown  by  the  number  7. 

A  quarter  of  a  mile,  more  or  less,  down  the  stream  from  the  Rupp 
Quarry  is  an  old  opening  where  most  of  the  stone  susceptible  of  being 
worked  economically  has  been  removed.  Neither  this  quarry  nor  the 
Rupp  Quarry,  where  the  quality  of  the  stone  is  very  good  indeed,  is 
capable,  however,  of  yielding  a  large  tonnage  of  stone  without  the  re- 
moval of  a  thick  overburden  on  all  sides  which  would  make  the  cost 
prohibitive  were  it  attempted  to  work  eitlier  place  much  more  exten- 
sively than  at  present.  The  breast  of  stone,  moreover,  in  both  these 
quarries  is  low,  ranging  from  10  to  20  feet  in  height.  This  might  be 
increased  by  deepening  the  quarries,  but  in  either  instance  any  anticipated 


Maryland  Geological  Subvey  365 

advantage  that  might  result  would  be  tnore  than  counterbalanced  by  the 
extra  expense  so  entailed. 

Limestone  is  exposed  both  to  north  and  south  of  Linwood,  and  has 
been  worked  at  both  the  quarry  sites  indicated  by  numbers  8  and  9. 
These  quarries,  however,  at  present  are  not  in  operation.  The  former, 
Haines  Quarry,  is  situated,  as  shown,  on  Little  Pipe  Creek  just  to  the 
north  of  Linwood.  The  limestone  is  here  hard  and  white  and  high  in 
magnesia,  though  low  in  silica,  alumina,  and  iron.  The  quarry  may  be 
seen  on  the  north  side  of  the  road  directly  west  of  Linwood  Station.  At 
the  Haines  Quarry  the  breast  of  stone  is  25  to  30  feet  thick.  Formerly 
it  was  quarried  and  burned  into  lime,  but  during  the  past  few  years  the 
quarry  has  lain  idle.  It  is  stated  that  the  quarry  was  abandoned  owing 
to  the  fact  that  the  stone  is  hard  and  expensive  to  quarry,  and  for  the 
further  reason  that  the  lime  produced  failed  to  meet  with  favor  among 
those  using  it  for  agricultural  purposes. 

A  small  quarry  has  been  opened,  but  is  idle  at  present,  on  the  white 
crystalline  limestone  exposed  on  the  Shriver  place,  southwest  of  Linwood, 
at  the  point  (No.  8)  indicated  on  the  map,  with  a  breast  of  about  20 
feet.  This  working  face,  however,  might  be  increased  with  further  de- 
velopment. Analysis  shows  that  the  rock  here  is  too  high  in  magnesia 
for  Portland  cement,  though  fairly  suitable  for  making  agricultural  lime. 

The  limestones  up  Roop  Branch,  to  the  east  of  Clear  Ridge,  have  been 
quarried  at  different  points,  but  the  stone  being  highly  argillaceous  burns 
to  a  very  unsatisfactory  grade  of  lime.  The  only  quarry  now  in  opera- 
tion on  this  type  of  limestone  is  situated  about  a  mile  and  a  quarter 
east  of  Uniontown,  and  about  an  eighth  of  a  mile  south  of  the  Union- 
town-Westminster  road.  The  quarry  and  two  kilns  (No.  10)  are  owned 
by  Fielder  G.  Gilbert.  The  limestone  in  the  Gilbert  Quarry  is  blue  to 
gray  in  color  and  streaked  with  veins,  both  of  quartz  and  calcite,  the 
latter  usually  predominating.  The  limestone  is  extremely  shaly  and  the 
intense  stresses  to  which  in  the  past  it  has  been  subjected  are  indicated 
by  the  complicated  minor  folding  and  veining  to  be  seen  throughout  the 
quarry.  The  working  face  at  the  south  end  of  the  quarry,  where  the  rock 
passes  upward  into  beds  increasingly  argillaceous  and  shaly,  is  a  little 
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over  20  feet.  The  lime  produced,  although,  of  a  low  grade,  meets  with 
a  ready  sale  for  agricultural  purposes  to  supply  a  local  demand,  but  only 
because  of  the  distance  of  the  surrounding  country  from  better  lime- 
stone deposits  and  from  the  railroad,  and  the  consequent  greater  expense 
of  obtaining  a  lime  of  better  quality. 

Argillaceous  limestone,  extremely  shaly  and  impure,  occurs  on  the 
farm  of  Mr.  Frank  Englar  (No.  13)  north  of  the  Western  Maryland 
Eailroad  and  about  midway  between  Union  Bridge  and  Linwood.  With 
this  exception  all  of  the  limestones  near  Union  Bridge  are  of  the  white 
crystalline  variety  accompanied  here  and  there  by  the  variegated  type. 
The  location  of  the  quarry  where  this  shaly  limestone  has  been  worked 
and  burned  to  a  limited  extent  into  lime  for  agricultural  use,  in  spite 
of  its  impurities,  is  indicated  on  the  map  by  the  number  13,  opposite 
which,  in  the  table  of  analyses,  may  be  found  the  composition  of  the 
sample. 

Northwest  of  the  station  at  Union  Bridge  limestone  again  is  well 
exposed  on  the  Clemson  place,  from  the  points  15  to  17,  shown  on  the  map. 
It  is  here  a  hard  white  limestone  that  has  been  much  fissured  and  con- 
tains at  unequal  intervals  infolded  fragments  of  altered  volcanic.  The 
working  face  above  the  level  of  the  meadow-land  which  lies  between 
it  and  Sams  Creek  ranges  from  15  to  30  feet.  With  the  exception  of 
sample  17,  which  represents  the  stone  in  the  small,  abandoned  quarry 
just  west  of  the  Clemson  house,  the  rest  of  the  limestone,  as  may  be  seen 
by  consulting  the  table  of  analyses,  is  high  in  magnesia.  It  would  be 
unsuited  for  Portland  cement.  It  is  perhaps  best  adapted  for  use  as 
ballast  or  as  road  metal,  and  for  these  purposes  it  could  probably  be 
profitably  quarried. 

Piedmont  Limestones  of  Frederick  County. — ^Limestone  lenses, 
similar  in  all  respects  to  those  of  Carroll  County,  continue  to  occur  south- 
ward, extending  across  Frederick  County  in  a  gradually  narrowing  zone 
from  Sams  Creek  on  the  north,  through  Liberty  and  Unionville,  to  the 
vicinity  of  New  Market  on  the  south.  With  a  single  isolated  exception, 
near  Park  Mills,  no  crystalline  limestones  of  the  western  Piedmont  type 
are  exposed  south  of  the  main  line  of  the  Baltimore  and  Ohio  Eailroad. 


Maryland  Gbolooioal  Subvey  367 

The  areas  of  exposure  trend  in  a  northeast  and  southwest  direction  of 
long  elliptical  or  irregular  shape^  And  are  found  in  greatest  breadth  and 
abundance  along  a  line  following  the  road  from  east  of  Woodsboro,  through 
Liberty,  to  a  short  distance  east  of  Unionville.  The  limestone  areas  on 
the  northern  border  of  the  county,  near  Union  Bridge,  are  the  only 
ones  situated  near  the  railroad,  and  therefore  potentially  available  for 
cement  manufacture.  The  deposits  more  removed  from  the  lines  of 
transportation,  while  unavailable  for  larger  operations  acquire  an  in- 
creased value  as  a  source  of  stone  for  lime  burning  to  meet  local  demands 
for  agricultural  purposes. 

Some  of  the  purest  limestone  in  the  State  is  found  in  the  vicinity  of 
Union  Bridge.  This  is  confined  chiefly  to  a  narrow  belt  passing  east 
of  the  town,  where  the  limestone  is  from  100  to  150  feet  thick  and  dips 
about  20**  east  and  strikes  N.  15**  to  20*  E.  It  is  worked  at  the  Wolfe 
Quarry  of  the  Tidewater  Portland  Cement  Company  on  Sams  Creek; 
and  at  the  Haines  Quarry  about  a  half  a  mile  to  the  northwest  of  Union 
Bridge.  Between  these  points  the  overburden  of  residual  soil  is,  how- 
ever, too  thick  to  make  the  opening  of  a  quarry  profitable. 

The  Wolfe  Quarry  is  located  in  Frederick  County  (Nos.  1-5)  about 
J  mile  east  of  where  the  Johnsville  Turnpike,  leading  south  from  Union 
Bridge,  crosses  Sams  Creek.  The  quarry,  when  visited,  was  about  165 
feet  in  length  in  a  north  and  south  direction,  and  about  130  feet  wide, 
measured  east  and  west.  The  working  face  of  pure  white  crystalline  lime- 
stone was  from  35  to  40  feet  high.  The  limestone  in  this  quarry  dips 
20®  east,  and  on  the  eastern  side  of  the  quarry  passes  under  a  heavy 
mantle  of  purplish  to  gray  slate  which  forbids  extensive  development  in 
this  direction.  In  the  northwest  end  of  the  quarry  variegated  limestone 
is  seen  accompanied  by  infolded  chloritized  slate.  Here  also  it  was  ob- 
served that  the  stone  contained  a  small  amount  of  malachite. 

Throughout  the  Wolfe  Quarry  the  limestone  is  very  much  fissured. 
It  breaks  and  shatters  easily  under  the  hammer,  but  this  is  due  to  the 
lines  of  weakness  that  were  developed  during  its  geological  history  because 
of  the  stresses  and  distortion  that  it  has  undergone  as  the  result  of  the 
folding  and  faulting  characterizing  the  structure  of  this  entire  section. 
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Analyses  (1-5),  inclusive,  give  the  composition  of  the  limestone  in 
different  parts  of  the  quarry,  and  show  that  on  the  whole  it  is  extremely 
pure  and  unusually  low  in  silica,  alumina,  and  iron,  making  it  an  ex- 
ceptionally fine  stone  for  manufacture  into  lime,  and  suitable  also  both 
for  use  in  the  blast  furnace  and  for  open-hearth  flux.  Moreover,  its 
composition  adapts  it  for  use  in  the  manufacture  of  Portland  cement, 
which  could  be  made  here  by  combining  it  to  form  a  mixture  with 
the  overlying  slate  and  the  nearby  Triassic  shale.  A  further  description 
of  the  development  of  this  property  by  the  Tidewater  Portland  Gem^it 
Company  is  given  on  pages  370  to  377. 

The  Haines  Quarry  (No.  7)  is  opened,  as  has  been  stated  on  a  previous 
page,  on  the  same  high-grade  bed  of  limestone  as  the  Wolfe  Quarry. 
This  quarry  is  owned  by  Wm.  Haines,  of  Union  Bridge.  A  27-foot  face 
is  worked  and,  as  at  the  Wolfe  Quarry,  the  stone  dips  about  20**  towards 
the  east.  The  overburden  on  the  east  is  heavy,  and  as  a  result  most  of 
the  rock  is  taken  from  the  west  end  of  the  quarry,  where  the  residual 
soil  is  not  so  thick  nor  so  expensive  to  remove.  Three  stone  kilns  of  the 
continuous  mixed-feed  type,  are  located  on  the  west  side  of  the  quarry 
in  which  practically  all  the  stone  that  is  quarried  is  burned  into  lime. 

About  1}  miles  southwest  of  Union  Bridge,  on  the  Rhinehart  property, 
a  quarry  has  been  opened  within  the  past  two  years  for  purposes  of 
quarrying  marble.  The  crj'stalline  limestone  is  here  characterized  by 
a  faint  creamish  tint,  is  fine-grained,  and  takes  a  beautiful  polish.  The 
quarry  is  located  on  the  map  between  the  numbers  8-13,  which  also 
denote  the  numbers  given  the  samples  which  were  taken  for  chemical 
analyses. 

This  crystalline  limestone  or  marble  has  a  workable  thickness  of  a 
little  over  220  feet.  As  at  present  developed  by  the  Maryland  Cremo 
Marble  Company,  the  only  marble  operator  in  the  western  Piedmont,  the 
width  of  the  quarry  is  about  60  feet.  The  marble  is  quarried  by  means 
of  Sullivan  channelers,  which  are  here  used  to  cut  or  channel  the  stone 
at  right  angles  to  the  strike.  The  strike  here  is  N.  15**  E.,  and  the  dip 
50*"  east. 
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The  accompanying  Plate  XIV,  Fig.  2,  gives  a  very  correct  idea  of 
tlie  amount  and  manner  of  the  development  at  the  time  the  photograph 
was  taken,  during  the  summer  of  1907.  As  shown  in  the  photograph 
this  marble  appears  to  be  absolutely  white.  As  a  matter  of  fact,  instead 
of  being  a  hard  and  dead,  lusterless  white  it  has  a  beautiful  cream  tone. 
As  a  building  and  decorative  stone  it  is  one  of  the  most  attractive  and 
pleasing  the  writers  have  seen  in  Maryland. 

Argillaceous  Material. — Among  the  sources  of  nearby  argillaceous 
material  available  for  mixture  with  the  crystalline  limestones  of  Carroll 
and  Frederick  coimties  are  the  red  and  gray  shales  of  the  Newark  forma- 
tion and  the  slaty  volcanics. 

Judging  from  their  color  these  appear  much  higher  in  iron  than  is 
really  the  case,  as  will  be  shown  by  the  following  analyses,  one  of  which 
was  made  on  a  sample  of  the  sandstone  and  the  other  on  a  sample  of  the 
shale : 

Analyses  of  Triassic  Sandstone  and  Shale,  Rockt  Ridge,  Md. 

I  II 

Sandstone.  Shale. 

Silica   (SiO,)    70.01  64.19 

Alumina    (A1,0.)    12.48  16.25 

Iron  oxide  (FOjO,)   4.62  5.61 

Lime   (CaO)    2.78  1.80 

Magnesia   (MgO)    1.30  2.42 

Ignition    3.99  4.55 

Undetermined    4.82  5.18 

Total   100.00  100.00 

I.  Just  east  of  Rocky  Ridge.    Anal.  Zies  and  Schmidt. 
II.  2  miles  east  of  Rocky  Ridge.    Anal.  Zies  and  Schmidt. 

As  can  be  seen  from  the  above  analyses  the  shale,  though  high  in  iron, 
would  nevertheless  be  suitable  to  use  in  the  manufacture  of  Portland 
cement.  T'hese  shales  outcrop  on  the  Western  Maryland  Railroad  just 
west  of  Union  Bridge  and  might  be  used  to  advantage  with  the  high- 
grade  limestones  that  occur  there,  the  two  furnishing  a  mixture  that 
should  burn  to  an  excellent  cement.  Less  ferruginous  shales  occur  nearby 
and  could  be  added  to  the  mixture  if  it  should  be  necessary. 

The  slaty  volcanics  which  usually  flank  the  limestone  valleys  in  the 
western  Piedmont  vary  in  composition,  but  are  at  times  suitable  for  use 
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in  Portland  cement  manufacture.    The  composition  of  two  of  these  from 
the  vicinity  of  Union  Bridge  are  as  follows : 

Analyses  of  Slatt  Volcanics,  Union  Bridge. 

I.  II. 

Silica   (SiO,)    45.80  45.73 

Alumina  (AlA)    19.06  15.85 

Iron  oxide   (Fe,0,)    11.73  26.91 

Manganese  (MnO)    10  .04 

Lime  (CaO)    1.15  1.77 

Magnesia  (MgO)   11.71  2.78 

Alkalies    (Na^O  +  KjO)    3.86  2.84    - 

Ignition    8.02  4.18 

Total    101.43  100.10 

I.  Altered  volcanic,  %  mile  E.  Union  Bridge.    Anal.  Zies  and  Schmidt. 
II.  Purple  volcanic,  Little  Pipe  Creek   %   mile  N.  Union  Bridge.     AnaL 
Schmidt. 

The  Tidewater  Portland  Cement  Compa/ny* 

Property  and  Materials. — ^The  property  consists  of  181  acres,  of  which 

at  least  50  per  cent,  is  composed  of  limestone  and  shale.  The  limestone 
used  varies  in  composition  from  95  to  99.5  per  cent,  of  carbonate  of  lime 

and  from  a  trace  to  4  per  cent,  carbonate  of  magnesia.  The  shale  which 
directly  adjoins  the  limestone,  and  which  can  be  secured,  if  desired,  from 
a  common  quarry,  is  also  of  excellent  quality.  Analyses  of  the  raw  ma- 
terials follow: 

Analyses  of  Limestone,  Wolfe  Quabbt,  Union  Bbu)gb. 

« 

'^^-    TSS"   '^"S?.  "(TO!"  I«mit.on.  Totals.     C«»»e°' 

4.46  0.52  51.94  1.10  42.03  100.05  92.75 

1.40  0.24  53.75  1.06  43.41  99.86  95.98 

6.40  0.62  51.04  .65  40.84  99.54  91.14 

1.72  0.56  53.45  1.08  43.19  100.00  95.45 

0.28  0.24  54.45  1.34  44.27  100.58  97.23 

1.26  0.36  54.35  .64  43.41  100.02  97.05 

1.08  0.20  54.89  .46  43.63  100.26  98.01 

Analyses  of  Shale. 

Silica  Alumina  Iron  oxide  Lime  Magnesia 

(SiO,).  (AljO,).  (FesOs).  (CaO).  (MgO). 

58.00  22.28  8.40  0.42  2.06 

52.74  23.44  11.30  0.20  2.33 

54.54  24.24  9.80  0.85  1.78 

*  Data  furnished  by  R.  K.  Meade. 
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The  indications  are  that  there  is  upon  the  various  properties  a  prac- 
tically inexhaustible  supply  of  limestone.  The  shale  deposits  are  very 
extensive,  and  the  quantity  of  this  available  is  sufficient  to  more  than 
outlast  the  limestone  deposits.    This  quarry  is  also  discussed  on  page  367. 

Qnality  of  the  Cement. — In  order  to  determine  definitely  the  suita- 
bility of  the  materials  for  the  manufacture  of  Portland  cement,  they 
were  mixed  in  the  proper  proportions,  ground,  burned  and  again  ground, 
and  the  properties  of  the  resulting  product  examined,  just  as  would  be 
done  ill  the  manufacture  of  Portland  cement  on  a  large  scale.  The 
cement  so  made  was  found  to  be  equal  to  the  best  American  Portland 
cements  now  on  the  market.    The  analysis  and  tests  are  given  below : 

Chemical  Analysis  of  Cuneeb. 

Silica  (SiO,)    19.94 

Alumina  (A1,0,)   7.57 

Iron  oxide   (Fe,0,)    3.45 

Lime   (CaO)    65.58 

Magnesia    (MgO)    1.69 

Sulphur  triozide  (SO,)   0.26 

Loss  on  ignition 0.62 

PhTSIOAL  FfiOFEBTIEB  OF  THE  CSMENT. 

Fineness:    (Standard  sieves  and  method  of  sieving.) 

Residue  on  the  No.  100 95.2 

Residue  on  the  No.  200 80.1 

Setting  Time:    (Gilmore's  needles.)    Air  and  water  72**  F. 

Initial   set 1  hour    and  45  minutes. 

Final    set 4  hours  and  45  minutes. 

Constancy  of  Volume:  (Soundness.) 

Five-hour  steam  test,  Pats  remained  firm  and  hard  and  showed  no 

signs  of  distortion,  checking,  cracking  or  disintegrating. 
Six-hour  boiling  test,  Pats  remained  firm  and  hard  and  showed  no 

signs  of  distortion,  checking,  cracking  or  disintegrating. 

Tensile  Strength: 

Time  in  air 24  hrs. 

Time  in  water... 

Total  age   24  hrs. 

Composition    Neat 

Strength    350 

In   pounds    ....380 

Per  sq.  inch..  ..375 

Average    372 

^  One  part  cement  to  three  parts  standard  Ottawa  sand. 
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24  hrs. 
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♦Sand 
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White  Portland  Cement. — ^The  limestone  is  lunisually  free  from  iron, 
and  hence  may  be  used  for  the  manufacture  of  white  Portland  cement. 
Deposits  of  limestone  suflBciently  pure  to  be  used  for  this  purpose  are 
very  rare,  and  this  is  one  of  the  few  deposits  in  the  country  suitable  for 
this  purpose.  A  sample  of  white  Portland  cement  made  from  this  lime- 
stone had  the  following  composition  and  properties : 

Chemical  Analysis  of  White  Cunkeb. 

Silica    (SiO,)    22.12 

Alumina  ( A1,0,)    7.66 

Iron  oxide  (FejO.) 0.28 

Lime   (CaO)    64.10 

Magnesia    (MgO)    1.03 

Sulphur  trioxide  (SO.)   0.21 

Loss  on  ignition   0.74 

Physical  Pbopebties  of  the  White  Cement. 

Fineness:     (Standard  sieyes  and  method  of  sieving.) 

Residue  on  No.  100 94.8 

Residue  on  No.  200 81.2 

Setting  Time:    (Gilmore's  needles.)    Air  and  water  72**  F. 

Initial    set 1  hour    and  30  minutes. 

Final  set 5  hours. 

Constancy  of  Volume:'  (Soundness.) 

Fiye-hour  steam  test,  Pats  remained  firm  and  hard  and  showed  no 

signs  of  distortion,  checking,  cracking  or  disintegrating. 
Six-hour  hoiling  test,  Pats  remained  firm  and  hard  and  showed  no 

signs  of  distortion,  checking,  cracking  or  disintegrating. 

Tensile  Strength: 

Time  in  air 24  hrs.  24  hrs.  24  hrs. 

Time  in  water 6  days  6  days 

Total  age  24  hrs.  7  days  7  day^ 

Composition    Neat  Neat  *Sand 

Strength     245  650  225 

In  pounds    200  645  240 

Per  sq.  inch 215  670  220 

Average    220  655  228 

*  One  part  cement  to  three  parts  standard  Ottawa  sand. 

These  tests  show  the  white  Portland  cement  made  from  this  limestone 
to  be  the  equivalent  not  only  of  any  white  Portland  cement  now  on  the 
market,  but  also  to  be  the  equal  in  strength  of  the  best  brands  of  Port- 
land cement. 
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Desceiption  or  Plant. — The  two  raw  materials  lie  directly  to  the 
south  of  the  plant,  a  small  creek  separating  their  quarries  from  the 
mill  site.  The  location  can  hardly  he  improved  upon,  both  raw  materials 
lying  as  they  do,  adjacent  to  the  mill  site,  and  there  being  sufBcient 
water  in  the  creek  at  all  seasons  of  the  year  to  supply  the  needs  of  the 
plant. 

The  plant  will  consist  of  a  mill  of  Si400  barrels'  daily  capacity  for  the 
manufacture  of  Portland  cement,  a  mill  with  a  capacity  of  600  barrels 


Fig.  SI. — Plan  of  arrangement  of  buildings.  Tldcnater  Portland  Cement  Com. 
pany,  Union  Brldee- 

for  white  Portland  cement,  and  a  lime  plant  with  a  capacity  of  about  60 
tons  of  lime  and  hydrated  lime. 

The  limestone  and  shale,  after  quarrying,  will  be  conveyed  in  steel 
cars  to  the  crushing  house.  In  this  will  be  located  one  No,  9,  and  three 
No,  6J  Gyratory  crushers,  all  being  driven  by  large  motors.  The  cars  will 
he  drawn  to  the  plant  by  means  of  an  electric  cable  and  will  dischjirge 
directly  into  the  No.  9  crusher,  which  will  reduce  the  material  to  pieces 
about  six  inches  in  diameter.  From  this  crusher  the  material  will  pass 
into  a  large  elevator  which  will  distribute  the  material  into  the  three 
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smaller  cnishers,  where  it  will  be  crushed  so  that  all  the  product  will  pass 
through  a  2i-inch  ring.  From  the  crusher  part  of  the  material  will  be 
carried  into  storage  for  the  night  run  and  part  will  go  directly  to  the 
driers.  The  storage  will  have  a  capacity  of  about  1500  tons  in  order  to 
prevent  shut-downs  due  to  rainy  weather  and  similar  causes. 

The  shale  will  be  brought  in  by  means  of  cars  which  will  be  loaded  by  a 
steam  shovel  at  the  shale  bed.  These  cars  are  to  be  hauled  to  the  mill  by 
an  electric  tramway  and  the  shale  there  crushed  in  a  No.  6^  crusher,  from 
which  it  will  pass  to  the  storage  and  driers.  There  will  be  three  driers, 
seven  feet  in  diameter  and  50  feet  long,  two  of  which  will  be  used  for 
limestone  and  one  for  shale.  These  driers  are  to  be  located  directly  back 
of  the  kilns  in  order  to  utilize  the  waste  heat  from  the  kilns  for  drying 
the  stone,  thus  saving  coal.  Leaving  the  driers,  the  material,  still  sepa- 
rated, will  be  carried  to  Krupp  ball  mills,  of  which  there  are  to  be  three, 
two  for  limestone  and  one  for  shale.  These  ball  mills  granulate  the 
material.  From  them  the  shale  and  limestone  will  be  passed  to  storage 
bins,  which  will  have  a  capacity  of  5000  tons  of  raw  material ;  3000  tons  of 
limestone  and  2000  tons  of  shale. 

The  material  will  be  drawn  from  the  storage  bins  in  proper  proportions 
as  determined  by  analysis  and  mixed  by  automatic  mixing  machines. 
After  this,  it  will  be  finely  pulverized  by  a  battery  of  nine  Fuller  mills, 
which  are  considered  to  be  the  most  improved  machines  at  the  present 
time  available  for  pulverizing. 

Leaving  the  Fuller  mills,  the  material  will  be  carried  to  the  five  kilns, 
four  of  which  will  operate  on  Portland  cement  and  the  fifth  on  white 
Portland  cement.  The  material  fed  into  the  kilns  by  means  of  a  screw 
conveyor  will  discharge  directly  into  an  inclined  feed-pipe  leading  into 
each  kiln.  The  kilns  will  operate  with  the  Matcham  natural  draft  system 
of  coal-burning. 

Leaving  the  kilns,  the  clinker  will  be  lifted  into  the  coolers,  one  of 
which  will  be  provided  for  each  kiln.  These  will  be  6  x  60  feet,  and  the 
clinker  will  be  cooled  by  a  current  of  air  drawn  through  them  by  a  stack. 
On  leaving  the  coolers,  the  clinker  will  be  conveyed  to  a  clinker  storage. 
This  latter  will  consist  of  an  overhead  conveyor  arranged  to  deposit  the 
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clinker  in  piles,  where  it  will  be  exposed  to  the  atmosphere  and  allowed 
to  season  and  soften.  Underneath  the  clinker  piles  are  to  be  tunnels  in 
which  operate  belt  conveyors. 

From  the  storage  the  clinker  will  be  carried  to  the  finishing  mill.  Here 
it  will  be  first  crushed  by  means  of  ball  mills,  and  then  ground  in  fourteen 
Fuller  mills.  Before  being  ground  the  clinker  will  be  mixed  with  the 
proper  percentage  of  gypsum.  The  Fuller  mills  will  grind  a  much  finer 
cement  than  can  be  produced  with  other  types  of  grinding  machinery,  and 
it  is  expected  that  the  product  of  the  Tidewater  Portland  Cement  Com- 
pan/s  plant  will  be  ground  so  fine  that  85  per  cent,  of  it  will  pass  a  No. 
200  mesh  sieve,  thereby  yielding  10  per  cent,  more  cementing  materials 
in  a  barrel  of  Tidewater  cement  than  is  present  in  ordinary  cements, 
only  75  per  cent,  of  which  will  pass  a  No.  200  mesh  sieve. 

After  being  ground  the  material  will  be  passed  to  the  stock  house, 
where  it  will  be  stored  and  seasoned  ready  for  shipment.  At  one  end  of 
the  stock  house  will  be  the  bagging  house  and  bading  platform.  The 
cement  will  be  bagged  by  means  of  Bates  valve  bag  machines,  which 
automatically  bag  and  weigh  the  cement. 

The  coal  for  burning  will  be  brought  in  on  cars  from  the  mines  in 
West  Virginia  and  dumped  into  a  hopper  below  the  tracks.  From  this  it 
will  be  carried  up  to  the  coal  storage  by  means  of  an  elevator.  From  the 
storage  it  will  be  drawn  by  gravity  to  a  set  of  rolls  which  will  crush  the 
larger  lumps.  It  will  then  pass  into  the  coal  driers,  which  will  be  of  the 
Meade  type.  After  being  dried  the  coal  will  be  pulverized  in  Fuller  mills 
and  carried  over  to  the  kilns.  The  plant  will  be  electrically  driven 
throughout. 

There  will  be  three  large  cross-compound  engines,  directly  connected 
to  a  large  alternating  generator.  There  will  also  be  in  this  department 
one  relay  unit  for  break-down  devices,  a  motor  generator  and  an  engine- 
driven  generator  for  exciting  the  generators.  There  will  also  be  a  switch- 
board. 

In  the  boiler  house  there  will  be  six  404-H.  P.  water-tube  boilers. 
These  boilers  will  be  fired  by  means  of  Lehigh  stokers.  The  cars  will  be 
brought  in  alongside  the  power  house  on  a  trestle  and  dumped  into  a 
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hopper.  From  this  hopper  the  coal  will  be  lifted  by  means  of  an  elevator 
to  the  top  of  the  boiler  house  and  discharged  to  a  long  continuous  bin 
above  the  stokers.  There  will  also  be  the  usual  boiler  feed-pumps,  con- 
densers, etc. 

In  connection  with  the  cement  plant  there  will  be  a  fully  equipped 
machine-shop  for  repairing  any  machinery  of  the  type  used  in  the  plant. 

The  buildings  will  all  be  constructed  of  steel  with  expanded  metal  and 
concrete  siding.  The  roofs  of  all  buildings,  except  the  boiler  house  and 
kiln  building,  which  will  be  of  corrugated  iron,  will  be  of  matched  floor- 
ing covered  with  composition  roofing. 

Each  grinding  unit  will  have  its  own  bin,  which  in  most  cases  will  be 
sufficient  for  from  12  to  24  hours*  run.  The  kilns  will  be  provided  with 
large  individual  bins,  each  of  which  will  hold  sufficient  material  for  24 
hours*  run.  All  the  conveying  will  be  done  by  means  of  bucket-chain 
elevators,  and  either  screw  or  belt  conveyors.  The  installation  through- 
out will  be  such  as  to  save  labor  and  fuel. 

The  machines  for  grinding  the  raw  material  from  which  the  white 
Portland  cement  is  to  be  manufactured  will  be  located  in  the  same  room  as 
that  used  for  grinding  the  ordinary  Portland  cement.  The  mills  used 
for  grinding  the  white  Portland  cement  clinker  will  be  in  a  separate 
building  and  the  stock  house  for  the  white  Portland  cement  will  be  sepa- 
rated from  the  stock  house  for  the  gray  Portland  cement.  Oil  will  be 
used  for  burning  the  white  Portland  cement,  and  a  large  tank  for  storing 
this  will  be  situated  some  distance  to  one  side  of  the  plant,  on  the  hill. 
The  oil  will  be  delivered  to  this  tank  by  means  of  tank  cars. 

The  lime  plant  now  built  consists  of  five  Keystone  kilns.  The  stone 
is  carried  to  the  top  of  these  by  means  of  a  runway  and  side-dump  cars. 
The  firing  floor  is  provided  with  tracks  and  cars  for  distributing  the 
coal  in  front  of  the  various  furnaces.  The  coal  is  brought  in  alongside 
the  building  and  dumped  into  a  hopper.  From  this  it  is  carried  up  and 
dumped  into  the  cars  by  means  of  an  elevator.  Below  the  firing  floor  is 
situated  the  cooling  floor.  The  lime  is  taken  from  the  kilns  and  spread 
upon  this  to  cool.  When  it  is  desired  to  hydrate  the  lime,  this  is  flrst 
passed  through  a  Sturtevant  Open-Door  Crusher.    From  this  it  goes  to 
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a  hydrating  machine  of  the  Kritzer  make,  where  it  is  mixed  with  water. 
After  being  hydrated,  the  unhydrated  material  is  separated  by  means  of 
two  Newaygo  screens.  The  tailings  are  sent  to  the  cement  mill  and 
used  in  place  of  limestone  for  cement  manufacture.  The  product  of  the 
screens  is  delivered  into  two  large  bins  above  the  bagging  machines. 
These  are  of  the  Bates  valve  bag  type.  The  lime  plant  is  driven  by  its 
own  engine  and  boiler. 

Location, — ^The  plant  of  the  Tidewater  Portland  Cement  Company  is 
situated  on  the  Western  Maryland  Eailroad  only  45  miles  from  tide,  and 
thus  is  admirably  located  to  distribute  its  products  at  low  cost,  not  only 
to  Baltimore  and  Washington  but  by  water  transportation  over  a  wide 
district  along  the  Atlantic  Coast.  No  cement  works  yet  constructed  in 
this  country  are  more  favorably  located  for  this  purpose  than  the  plant 
of  the  Tidewater  Portland  Cement  Company. 

Summary  and  Statistics  for  the  Western  Piedmont, 

The  best  grade  of  limestone  in  the  western  Piedmont  near  transporta- 
tion facilities  is  located  in  the  vicinity  of  Union  Bridge  where  it  can 
be  and  is  quarried  at  a  lower  cost,  probably,  than  at  any  one  of  the 
competing  points  along  the  Western  Maryland  Eailroad  in  the  Piedmont. 
At  Linwood  and  New  Windsor  the  limestones  are  either  too  high  in 
magnesia  or  else  the  amount  available  is  limited  and  costly  to  obtain. 
Both  conditions  usually  prevail  at  each  of  these  points.  On  the  other 
hand,  in  the  vicinity  of  Unionville,  the  stone  is  of  little  value  either  as 
to  quality  or  quantity.  It  is  used  to  supply,  in  part,  a  small  local  demand. 
Around  Westminster  where  there  is  limestone,  both  of  good  and  in- 
different quality,  white  crystalline  limestones  occur,  ranging  from  a  low 
to  high  content  of  magnesia,  and  often  other  impurities  in  varying 
amounts.  The  heavy  overburden  of  residual  soil  and  volcanics  en- 
countered in  all  of  the  quarries  near  Westminster  prohibits  a  very 
large  development  except  at  an  excessive  and  unprofitable  cost. 

The  total  value  of  lime  produced  in  the  western  Piedmont  in  1908 
amounted  to  over  $16,000,  the  largest  single  operator  being  at  Union 
Bridge.     The  value  of  limestone  produced  and  sold  for  ballast,  build- 
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ing,  concrete,  and  road  metal  probably  did  not  exceed  $3000,  making 
the  value  of  the  lime  and  limestone  produced  in  this  section  for  1908 
aggregate  approximately  $20,000.  The  list  of  operators  located  in  the 
western  Piedmont  follows  below: 

WESTERN  PIEDMONT. 
Carroll  County. 

OPERATOR.  ADDRESS.  QUARRY. 

Carbaugh,  Wm New  Windsor New  Windsor. 

Dntterer,   John  T Silver  Run    SUver  Run. 

Everhart,  Wm.  H Westminster    Bachman's  Mill. 

Prlts,  Mordecal   Unlontown Unlontown. 

Goodwin  Lime  Co Westminster    Westminster. 

Haines,   Wm Union  Bridge   Union  Bridge. 

Leppo,    Wm.    A Silver  Run    Sliver  Run. 

Myers,  John  W New  Windsor   New  Windsor. 

Shrlver  &  Co.,  B.  F Westminster   Westminster. 

Wakefield  MIU  &  Lime  Co "  

Warehelm,  Denton  S "  Cranberry. 

Ylngllng,  Wm.  R "  Westminster. 

Frederick  County. 

Crum,  John  D Walkersvllle    DaysvUle. 

Kramer,  D.  K Mt  Pleasant Mt  Pleasant. 

Tidewater  Portland  Cement  Co Union  Bridge Wolfe.* 

*  One  mile  south  of  Union  Bridge. 

FREDERICK  VALLEY. 

Frederick  County  is  the  leading  lime-producing  county  in  the  State, 
and  contains  the  raw  materials  upon  which  this  industry  is  based  more 
abundantly  than  any  other  county  east  of  the  Blue  Ridge.  Its  lime- 
stones and  shales  also  furnish  the  necessary  material  for  the  manu- 
facture of  Portland  cement.  The  proximity  of  limestones  and  argil- 
laceous materials  in  the  Frederick  Valley  to  two  large  markets,  Balti- 
more and  Washington,  make  this  an  especially  attractive  section  for  the 
building  of  Portland  cement  plants.  Portland  cement  is  a  bulky  product, 
and  every  mile  saved  in  the  matter  of  transportation  adds  just  so  much 
to  the  dividends  of  the  company  manufacturing  it. 

The  limestones  of  the  Shenandoah  group  or  the  "  Valley  limestones," 
as  they  are  sometimes  called,  occur  in  Maryland  on  both  sides  of  the  Blue 
Kidge.  They  consist  of  gray,  massive  limestones  of  very  great  aggregate 
thicknefrs,  and  on  the  east  side  of  the  Blue  Ridge  form  the  floor  of 
the  Frederick  Valley,  where  they  are  extensively  quarried  and  burned 
into  lime.     Most  of  the  Shenandoah  group  of  limestones  are  high  in 
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magnesia,  the  bane  of  the  cement  manufacturer,  but  nevertheless  there 
are  many  quarries  and  occurrences  where  the  magnesia  content  is  found 
to  be  quite  low. 

QEOGRAPHIOAL   LIMITS. 

The  Shenandoah  limestones  of  the  Frederick  Valley,  as  may  be  ob- 
served from  the  accompanying  map,  cover  a  longitudinal-shaped  area 
extending  from  Woodsboro  on  the  north,  where  it  emerges  from  beneath 
the  Newark  formation,  to  the  Potomac  Eiver,  about  7  miles  south  of 
Buckevstown.  It  attains  its  maximum  areal  width  of  about  6  miles  in 
the  vicinity  of  Frederick,  and  its  least  of  about  f  of  a  mile  where  it 
crosses  the  Potomac.  On  the  west  it  passes  under  the  Newark  format 
tion,  except  in  one  instance  where  the  latter  has  been  removed  by  erosion, 
when  it  is  in  faulted  contact  with  the  underlying  Harpers  shale,  and  on 
the  east  is  in  juxtaposition  with  altered  volcanics  and  sedimentary  shales 
and  slates  of  undetermined  age. 

The  northern  portion  of  the  Frederick  Valley  is  known  as  Qlade 
Vallev,  and  is  so  called  from  the  stream  that  flows  south  and  drains 
this  portion  of  it.  Woodsboro  station,  on  the  Northern  Central  Eailway, 
is  situated  at  its  northern  end. 

The  city  of  Frederick  occupies,  approximately,  the  center  of  the  valley, 
and  is  reached  from  the  north  bv  the  Northern  Central  Railway  and 
from  the  south  by  the  Baltimore  and  Ohio  Eailroad,  via  Frederick 
Junction.  A  branch  line  runs  from  here  into  Frederick,  while  the 
alignment  of  the  main  track  is  eastward.  At  Frederick  Junction  the 
main  line  bridges  the  Monocacy,  and  within  the  limits  of  the  Ijamsville 
quadrangle  parallels  the  course  of  Bush  Creek,  crossing  slates,  altered 
volcanics,  and  other  rocks  of  undetermined  age  and  origin. 

These  two  railroads  furnish  the  transportation  facilities  for  all  the 
lime  operators  of  this  section,  bringing  them  their  fuel  and  carrying 
their  finished  product  to  market.  Large  quarries  and  batteries  of  kilns 
are  in  operation  to  the  east  of  Frederick,  located  along  and  near  the 
branch  road  leading  to  Frederick  Junction.  Plants  for  the  manufacture 
of  lime  are  in  operation  also  in  the  Frederick  Valley  on  the  main  line 
of  the  Baltimore  and  Ohio  at  and  near  Limekiln,  Keller,  and  Buckeys- 
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town.  There  are  no  large  quarries  between  Buckeystown  and  Daubs, 
where  the  limestone  of  the  Frederick  Valley  becomes  hidden  on  the 
west  by  overlying  Triassic  shale  and  sandstone.  Between  these  two  sta- 
tions limestone  of  good  quality  undoubtedly  occurs,  but  has  never  been 
extensively  exploited,  probably  because  of  the  thickness  of  the  residual 
soil  concealing  the  xmderlying  limestone,  which,  but  for  this  over- 
burden, could  be  readily  quarried  and  utilized.  Broadly  speaking,  the 
amount  and  thickness  of  residual  soil  is  less  north  of  Frederick  than  it 
is  either  on  the  east  or  south,  and  the  operators  to  the  north  of  the 
city,  on  the  line  of  the  Northern  Central  Eailway,  near  Walkersville  and 
Woodsboro,  are  put  to  less  expense  in  their  operations  for  the  removal 
of  overburden  and  water. 

At  present  there  are  no  cement  plants  in  the  Frederick  Valley,  but,  as 
may  be  seen  from  the  table  of  analyses,  suitable  material  occurs  and 
may  be  found  at  points  definitely  known,  while  there  are  many  others 
that  remain  to  be  located,  and  could  be  found  also  were  further  expense 
incurred  to  pay  for  the  time  and  effort  necessary  to  find  them.  This 
is  in  reference,  of  course,  to  the  limestone.  Shale,  which  occurs  on  all 
sides  of  the  valley  in  abundance,  and  often  of  suitable  character  to  mix 
with  the  limestone,  might  be  located  definitely  likewise. 

The  juxtaposition  of  limestone  and  shale,  low  freight  rates  to  the 
leading  markets,  and  facilities  for  transporting  fuel,  all  go  to  make  the 
Frederick  Valley  one  of  the  most  attractive  parts  of  Maryland  for  the 
location  of  Portland  cement  plants. 

Geology. 

The  limestones  of  Frederick  County  are  of  three  major  types:  The 
crystalline  limestones  and  marbles  of  the  western  Piedmont,  exposed 
in  the  eastern  part  of  the  county,  which  have  been  described  already 
as  extending  from  the  northeastern  limits  of  the  county  to  the  vicinity 
of  New  London  and  New  Market;  the  Shenandoah  or  valley  limestones 
in  the  central  part  of  the  county;  and  tJie  insignificant  intercalated  cal- 
careous conglomerates  and  limestones  of  the  Newark  formation.  Of 
these  the  second  is  the  most  important. 
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The  Shenandoah  group  of  limestones  of  Frederick  are  a  local  repre- 
sentative of  the  widely  extending  limestone  series  forming  the  great 
valley  of  Virginia,  the  Hagerstown  Valley,  of  Maryland,  and  the  Cum- 
berland Valley,  of  Pennsylvania.  The  detailed  discussion  of  these 
formations  in  the  description  of  Washington  County  supplements  the 
following  concise  description  more  applicable  to  the  Frederick  Valley. 

Of  the  seven  limestone  formations,  aggregating  over  10,000  feet  in 
thickness^  recognized  in  Washington  County,  only  the  upper  two  or 
three  have  been  found  in  Frederick  County,  and  of  these  only  the 
uppermost — ^the  Chambersburg — aggregating  probably  less  than  600  feet 
has  been  mapped  east  of  the  Blue  Eidge.  The  areal  limits  of  this 
formation  against  the  overlying  Martinsburg  shales  and  the  underiying 
limestones  of  questionably  Stones  Eiver  and  Beekmantown  age  have 
been  shown  on  the  map.  The  exposure  of  all  these  formations  is  further 
limited  by  the  overiying  much  younger  Newark  "red  beds"  and  the 
contiguous  older  shales  and  volcanics  on  the  western  and  eastern  borders 
of  the  valley.  All  of  the  beds  between  these  limits  are  proven  by  their 
fossils  to  be  of  Ordovician  age. 

The  Chambersburg  formation  consists  of  impure  limestones,  argil- 
laceous limestone,  and  calcareous  shales.  The  beds  richer  in  lime  lie 
beneath  the  shaly  beds.  The  whole  formation  appears  to  be  intermediate 
both  in  composition  and  stratigraphic  position  between  the  overiying 
Martinsburg  shales  and  the  underiying  lime-rich  Stones  Eiver  and  Beek- 
mantown limestones.  The  chief  economic  value  of  the  Chambersburg  lies 
in  its  argillaceous  character,  and  in  certain  beds  which  are  naturally 
almost  perfect  Portland  cement  mixtures.  Suitable  material  for  cement 
manufacture  appears  to  be  abundant  and  accessible. 

The  underlying  Stones  Eiver  and  Beekmantown  formations  are  freer 
from  argillaceous  matter  than  the  Chambersburg,  but  increasingly  mag- 
nesian  in  character  passing  downward.  The  beds  just  beneath  the 
Chambersburg  are  nearly  pure  limestone,  and  these  are  followed  by 
equally  pure  but  thinner  beds  alternating  with  harder  ones  richer  in 
magnesium.  The  beds  high  in  lime,  when  exposed  at  the  surface,  may 
be  recognized  by  the  white,  smooth,  rounded  surfaces  of  the  ledges  and 
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the  velvety  texture  and  characteristic  dove  color  of  freshly  fractured 
fragments.  The  fact  that  these  purer  limestones  yield  a  deep  red  soil 
well-suited  to  the  cedars  which  grow  upon  it,  has  given  to  them  the 
local  name  of  "cedar  stone'*  in  areas  where  this  formation  is  well 
developed. 

The  eastern  limit  of  the  limestone  has  usually  been  placed  at  the 
base  of  the  low  ridge  of  shales  forming  the  eastern  boundary  of  the 
valley,  but  recent  investigations  have  shown  the  presence  of  numerous 
narrow  and  poorly  exposed  areas  of  limestone  in  minor  valleys  lying 
east  of  the  easily  recognized  ridge  of  Martinsburg  shales.  The  poor 
exposures  resulting  from  the  heavy  cover  of  "  wash  *'  from  the  hills  on 
either  side  do  not  offer  the  proof  that  these  isolated  exposures  are  con- 
nected, but  the  topography,  geological  structure,  and  areal  distribution 
of  the  region  indicate  the  presence  of  a  continuous  band  of  limestones 
between  the  first  ridge  on  the  west  bordering  the  eastern  side  of  the 
valley,  and  the  shales  and  volcanics  on  the  east  representing  the  western 
limits  of  the  rocks  characteriring  the  western  Piedmont. 

DISTRIBUTION  OF  LIMB  AND  CEMENT  MATERIALS  IN  FREDERICK  VALLEY. 

Calcareous  Materials, 

WooDSBORO  District. — Two  large  limestone  quarries  are  situated 
about  a  mile  north  of  Woodsboro,  and  are  separated  by  the  diabase  dike 
that  crosses  the  railroad  south  of  Le  Gore  Station.  The  quarry  on  the 
east  side  of  the  railroad,  indicated  by  Nos.  16-21,  and  nearer  the  station, 
is  owned  and  operated  by  the  Le  Gore  Lime  Company,  while  the  other 
(Nos.  22-24)  is  the  property  of  S.  W.  Barrick  &  Sons. 

Several  varieties  of  limestone  are  exposed  in  the  Le  Oore  Quarry, 
which  range  in  color  from  blue  to  light  gray,  and  in  texture  from  semi- 
crystalline  to  very  fine  grained.  Samples  were  taken  of  several  of  these 
beds,  which  differed  in  physical  appearance,  in  order  to  determine  by 
analysis  if  possible  whether  the  color  and  texture  were  in  any  way 
diagnostic  of  the  composition.  It  was  discovered  that  the  light-gray 
limestones  were  the  purest,  and  were  lower  in  magnesia  the  softer  the 
color  tone  and  the  more  satiny  the  luster  of  the  fresh-fractured  surface. 
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Below  are  listed  four  of  the  samples  from  the  Ijc  Gore  Quarry,  with 
a  brief  description  of  their  color  and  fracture,  together  with  the  numbers 
referring  both  to  the  points  where  the  samples  were  taken,  as  shown  on 
the  map,  and  to  their  analyses  in  the  table,  giving  the  composition  of 
various  samples  of  limestone  and  shale  coming  from  Frederick  County: 

Analyses  of  Limestones,  Lb  Gore  Quabbt,  Le  Gobe. 

No.  18.        No.ia.        No.  19.        No.  80.        NcU. 
SiUca    (SiO.)    4.21  4.55  2.S5  S.51  2.84 

f""""^/T'n; |ll8         !•"      I    •;?         %1}        •»« 

Iron  oxide  (Fe,0,)   J  1-71  .78  J 

Lime   (CaO)    52.76        49.40        54.00        88.72        51.80 

Magnesia    (MgO)    .75  3.25  .49  6.45  2.43 

Ignition    41.46        41.68        42.25        40.07        42.76 

Total    100.36      100.49      100.74        97.30      100.24 

No.  16.  Dove  to  light  gray  limestone,  irregular  to  conchoidal  fracture, 
partially  crystalline,  medium  fine  grained  and  compact 

No.  18.    Bulk  sample  representing  150  feet. 

No.  19.  Very  light  gray  chalcedony  like  limestone.  Conchoidal  fracture, 
fine  grained  to  amorphous. 

No.  20.  Blue-gray  limestone.  Rough  irregular  fracture,  and  dull  and  faint 
and  brownish  saccharoidal  luster. 

No.  21.  Gray  limestone,  Bemiconchoidal  fracture,  compact  but  slightly 
crystalline. 

All  of  these  samples^  with  the  exception  of  the  blue-gray  limestone, 
ran  fairly  low  in  magnesia,  as  will  be  seen  from  the  analyses. 

The  breast  of  stone  worked  in  the  Le  Gore  Quarry  range?  from  30  to 
60  feet  in  height.  The  beds  strike  N.  20*^  E.  and  dip  70**  E.,  and  the 
quarry  is  worked  westward,  or  in  a  direction  opposite  to  the  dip.  A 
bulk  sample,  representing  the  150  feet  of  stone  nearest  the  railway, 
namely,  that  on  the  westernmost  side  of  the  quarry,  and  including  the 
several  varieties  of  limestones  mentioned  above,  ran,  on  analysis^  aa 
indicated.  The  magnesia  is  slightly  high  in  the  analysis,  but  the  lime- 
stones it  represents  could  be  used  in  the  manufacture  of  Portland  cement 
in  conjunction  with  either  the  shales  on  the  west  side  of  the  valley  or 
with  the  Triassic  shales  encountered  along  the  line  of  the  railroad  a  abort 
distance  north  of  Le  Grore. 
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Nearly  all  of  the  limestone  taken  from  this  large  quarry  is  burned 
into  lime  in  a  battery  of  17  stone-constructed  kilns  located  between  the 
quarry  and  the  railroad.  By  selecting  and  working  beds  of  different 
composition  the  owners  find  it  possible  to  produce  limes  that  range  in 
their  content  of  calcium  oxide  from  96  to  98  per  cent.,  and  of  a  quality 
that  will  meet  the  various  demands  of  the  consumers. 

The  Barrick  Quarry  is  opened  on  tlie  west  side  of  the  railroad  and 
northwest  from  the  Le  Gore  Quarry.  The  diabase  dike,  already  men- 
tioned, passes  between  the  two.  The  quarry  in  a  northwest  and  southeast 
direction  is  from  350  to  375  feet  wide,  and  in  the  direction  of  the  strike 
(N.  15^  E.)  400  to  500  feet  long. 

The  breast  of  stone  in  this  quarry  is  from  20  to  30  feet  high,  and  is, 
therefore,  not  so  high  as  in  the  neighboring  Le  Gore  Quarry,  but  it  is 
worked  somewhat  more  systematically  since  the  working  face  is  kept 
in  better  alignment.  About  75  per  cent,  of  the  limestone  exposed  here 
is  from  blue  to  dove  in  color,  while  the  rest  is  almost  white  to  very  light 
gray,  together  with  a  small  proportion  along  the  eastern  limits  of  the 
quarry  of  blue  to  grayish  limestone,  mottled  with  patches  yellowish  to 
brown  in  color,  the  so-called  "  gray-back  *^  limestone. 

A  bulk  sample  taken  at  right  angles  to  the  strike  and  representing 
350  feet  of  the  Barrick  stone  showed,  on  analysis,  a  composition  closely 
analogous  and  suitable  for  the  same  purposes  as  that  of  the  Le  Gk)re 
Quarry.    The  analysis  follows  below: 

Analysis  (No.  23)  of  a  Bulk  Sample  fbom  S.  W.  Babrick  and  Sons'  Quabbt. 

Le  Gobe. 

Silica  (SiO,)    4.63 

Alumina   (Al.O.)    \    ^^^ 

Iron  oxide   (Fe,Os)    J 

Lime    (CaO)    49.45 

Magnesia  (MgO)    3.01 

Ignition   41.79 

Total    100.01 

The  so-called  "gray-back''  limestone  was  found  to  contain  6.72  per 
cent,  of  magnesia  and  a  small  amount  (0.63  per  cent.)  of  carbonaceous 
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matter.    The  complete  analysis  (No.  24)  will  be  found  in  the  table  of 
analyses. 

The  lime  kilns  which  are  of  the  stone-constructed  mixed-feed  continu- 
ous type  are  built  on  the  east  side  of  the  quarry.  One  of  the  batteries 
is  on  the  edge  of  the  quarry  and  west  of  the  railroad,  and  the  other 
on  the  opposite  side  of  tlie  railroad.  The  former  is  equipped  with  a 
mechanical  appliance  whereby  the  lime  may  be  drawn  from  the  kilns 
and  loaded  directly  from  them  into  the  cars. 

The  first  quarry  south  of  Woodsboro  on  the  line  of  the  Northern 
Central  Eailroad  is  located  250  yards  or  more  northwest  of  McAleer 
Station,  and  is  owned  by  Frank  M.  McAleer.  The  working  face  where 
the  rock  is  somewhat  fissured  is  low,  averaging  about  15  feet  with  a  soil 
overburden  ranging  in  different  parts  of  the  quarry  from  5  to  15  feet  in 
thickness.  On  fresh  fracture  the  limestone  quarried  here  is  blue  in 
color  but  weathers  on  the  surface  to  a  light  gray.  It  is  burned  in  a 
battery  of  three  kilns  located  at  the  station  and  on  the  west  side  of  the 
railroad.  The  beds  dip  55°  E.  and  strike  N.  20®  B.  A  sample  (No. 
25),  including  the  working  face  and  representing  in  all  100  feet  in  a 
southwesterly  direction  perpendicular  to  the  strike,  showed  a  rather 
high  content  of  silica,  but  was  low  in  magnesia. 

Walkersville  District. — No  quarries  have  been  opened  between 
McAleers  and  Woodsboro  or  between  the  former  and  Walkersville,  about 
2  miles  south  of  McAleers,  because  between  these  points  the  limestone  is 
generally  covered  by  a  heavy  mantle  of  residual  soil. 

The  only  remaining  important  limestone  quarry  between  Woodsboro 
and  Frederick  is  at  Fountain  Kock,  a  little  ever  a  mile,  along  the  North- 
em  Central  Kail  way,  south  of  Walkersville.  With  the  exception  of 
faulting,  which  is  here  absent,  the  quarry  shows  clearly  the  general 
structure  of  the  Shenandoah  limestone  throughout  the  Frederick  Valley. 
As  can  be  seen  from  the  accompanying  illustration  the  limestone  of  the 
Fountain  Rock  Quarry  is  folded  first  into  a  syncline  at  the  eastern  end 
of  the  quarry,  which  in  the  west  is  followed  by  the  anticline  shown  on 
the  left  side  of  the  picture. 
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The  breast  of  stone  at  the  east  end  of  the  quarry  is  48  feet.  The 
lower  28  feet  of  gray  to  dove-colored  limestone  was  included  in  one 
sample  (No.  31),  while  the  upper  bench  of  20  feet  of  blue  limestone  was 
represented  by  a  separate  sample  (No.  30). 

Analyses  of  Limestone,  Fountain  Rock  Quarry,  Fountain  Rock. 

No.  30.  No.  81. 

Silica    (SIO,)    6.65  3.62 

Alumina  (AlA)    1-30  .93 

Iron  oxide  (Fe,Os)    51  .30 

Lime  (CaO)    47.99  46.41 

Magnesia  (MgO)   3.09  5.82 

Ignition    40.47  42.59 

Total     100.01  99.67 

The  upper  bench,  as  both  the  weathering  in  the  field  and  the  analyses 
made  in  the  laboratory  show,  ie  higher  in  silica  than  the  underlying  beds. 
The  analyses  also  bring  out  the  further  fact  that  the  content  of  magnesia 
in  the  lower  bench  of  stone  is  higher  than  that  of  the  superjacent  20 
feet.  They  average  4.5  per  cent,  of  magnesia,  which  would  make  it 
diflScult  to  manufacture  the  stone  into  a  Portland  cement  that  could 
meet  the  rigid  requirements  of  the  standard  specifications  unless  some 
purer  stone  were  introduced  into  the  mixture.  This  could  be  obtained 
from  the  quarries  near  Woodsboro. 

Some  of  the  limestone  from  this  Fountain  Rock  Quarry  is  sold  for 
ballast  and  concrete  work,  but  most  of  it  is  calcined  and  the  product 
sold  largely  to  farmers  for  liming  their  land.  The  burning,  heretofore, 
has  been  carried  on  in  the  old-fashioned  stone-constructed  tj^pe  of  con- 
tintious  kiln,  but  the  Fountain  Rock  Lime  Company,  which  owns  both 
the  quarry,  formerly  known  as  the  Stimmell  Quarry,  and  the  kilns,  is 
replacing  the  old  battery  with  steel-clad,  brick-lined  kilns,  not  only  more 
modern  in  design  but  better,  producing,  as  they  do,  a  higher-grade 
product  and  effecting  also  a  considerable  saving  in  the  cost  of  fuel. 

Frederick  District. — ^Three  limestone  quarries  are  situated  near 
Frederick,  one  to  the  east  of  the  town,  and  two  to  the  southeast.  All 
are  at  present  in  operation.  The  quarry  at  No.  34  is  owned  and  oper- 
ated by  Gilmer  Schley.    Of  the  two  southwest  of  Frederick,  the  larger 
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matter.  The  complete  analysis  (No.  24)  will  be  found  in  the  table  of 
analyses. 

The  lime  kilns  which  are  of  the  stone-constructed  mixed-feed  continu- 
ous type  are  built  on  the  east  side  of  the  quarry.  One  of  the  batteries 
is  on  the  edge  of  the  quarry  and  west  of  the  railroad,  and  the  other 
on  the  opposite  side  of  tlie  railroad.  The  former  is  equipped  with  a 
mechanical  appliance  whereby  the  lime  may  be  drawn  from  the  kilns 
and  loaded  directly  from  them  into  the  cars. 

The  first  quarry  south  of  Woodsboro  on  the  line  of  the  Northern 
Central  Eailroad  is  located  250  yards  or  more  northwest  of  McAleer 
Station,  and  is  owned  by  Frank  M.  McAleer.  The  working  face  where 
the  rock  is  somewhat  fissured  is  low,  averaging  about  15  feet  with  a  soil 
overburden  ranging  in  different  parts  of  the  quarry  from  5  to  15  feet  in 
thickness.  On  fresh  fracture  the  limestone  quarried  here  is  blue  in 
color  but  weathers  on  the  surface  to  a  light  gray.  It  is  burned  in  a 
battery  of  three  kilns  located  at  the  station  and  on  the  west  side  of  the 
railroad.  The  beds  dip  55°  E.  and  strike  N.  20®  B.  A  sample  (No. 
25),  including  the  working  face  and  representing  in  all  100  feet  in  a 
southwesterly  direction  perpendicular  to  the  strike,  showed  a  rather 
high  content  of  silica,  but  was  low  in  magnesia. 

Walkersville  District. — No  quarries  have  been  opened  between 
McAleers  and  Woodsboro  or  between  the  former  and  Walkersville,  about 
2  miles  south  of  McAleers,  because  between  these  points  the  limestone  is 
generally  covered  by  a  heavy  mantle  of  residual  soil. 

The  only  remaining  important  limestone  quarry  between  Woodsboro 
and  Frederick  is  at  Fountain  Kock,  a  little  ever  a  mile,  along  the  North- 
em  Central  Railway,  south  of  Walkersville.  With  the  exception  of 
faulting,  which  is  here  absent,  the  quarry  shows  clearly  the  general 
structure  of  the  Shenandoah  limestone  throughout  the  Frederick  Valley. 
As  can  be  seen  from  the  accompanying  illustration  the  limestone  of  the 
Fountain  Rock  Quarry  is  folded  first  into  a  syncline  at  the  eastern  end 
of  the  quarrv',  which  in  the  west  is  followed  by  the  anticline  shown  on 
the  left  side  of  the  picture. 
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The  breast  of  stone  at  the  east  end  of  the  quarry  is  48  feet.  The 
lower  28  feet  of  gray  to  dove-colored  limestone  was  included  in  one 
sample  (No.  31),  while  the  upper  bench  of  20  feet  of  blue  limestone  was 
represented  by  a  separate  sample  (No.  30). 

Analyses  of  Limestone,  Fountain  Rock  Quabby,  Fountain  Rock. 

No.  30.  No.  81. 

Silica   (SIO,)    6.65  3.62 

Alumina  (A1,0.)    130  .93 

Iron  oxide  (Fe,0.)    51  .30 

Lime  (CaO)    47.99  46.41 

Magnesia  (MgO)   3.09  5.82 

Ignition    40.47  42.59 

Total    100.01  99.67 

The  upper  bench,  as  both  the  weathering  in  the  field  and  the  analyses 
made  in  the  laboratory  show,  is  higher  in  silica  than  the  underlying  beds. 
The  analyses  also  bring  out  the  further  fact  that  the  content  of  magnesia 
in  the  lower  bench  of  stone  is  higher  than  that  of  the  superjacent  20 
feet.  They  average  4.5  per  cent,  of  magnesia,  which  would  make  it 
diflBcult  to  manufacture  the  stone  into  a  Portland  cement  that  could 
meet  the  rigid  requirements  of  the  standard  specifications  unless  some 
purer  stone  were  introduced  into  the  mixture.  This  could  be  obtained 
from  the  quarries  near  Woodsboro. 

Some  of  the  limestone  from  this  Fountain  Rock  Quarry  is  sold  for 
ballast  and  concrete  work,  but  most  of  it  is  calcined  and  the  product 
sold  largely  to  farmers  for  liming  their  land.  The  burning,  heretofore, 
has  been  carried  on  in  the  old-fashioned  stone-constructed  t}^e  of  con- 
tintious  kiln,  but  the  Fountain  Rock  Lime  Company,  which  owns  both 
the  quarry,  formerly  known  as  the  Stimmell  Quarry,  and  the  kilns,  is 
replacing  the  old  battery  with  steel-clad,  brick-lined  kilns,  not  only  more 
modem  in  design  but  better,  producing,  as  they  do,  a  higher-grade 
product  and  effecting  also  a  considerable  saving  in  the  cost  of  fuel. 

Feederick  District. — ^Three  limestone  quarries  are  situated  near 
Frederick,  one  to  the  east  of  the  town,  and  two  to  the  southeast.  All 
are  at  present  in  operation.  The  quarry  at  No.  34  is  owned  and  oper- 
ated by  Gilmer  Schley.    Of  the  two  southwest  of  Frederick,  the  larger 
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is  operated  by  the  M.  J.  Grove  Lime  Company,  which  also  owns  quarries 
at  Limekiln,  while  the  smaller  quarry  was  owned  until  recently  by  the 
Frederick  Lime  and  Stone  Company.  Both  quBiries  on  the  south  are  on 
the  south  side  of  the  Baltimore  and  Ohio  Railroad,  the  former,  the 
M.  J.  Grove  Lime  Company^s  quarry,  being  about  1^  miles  from  the 
Baltimore  and  Ohio  station  in  Frederick,  and  the  latter,  the  Frederick 
Lime  and  Stone  Company,  approximately  }  of  a  mile  southwest  of  the 
same  point. 

An  exposure  of  argillaceous,  thin-bedded  limestone  occurs  at  a  short 
distance  east  of  the  Baltimore  and  Ohio  station  in  Frederick,  which 
at  one  time  was  used  either  for  ballast,  as  a  road  metal,  or  for  burning 
into  lime,  as  is  evidenced  by  a  small,  abandoned  quarry  on  the  south 
side  of  the  railroad  about  200  yards  beyond  the  station.  A  bulk  sample 
taken  perpendicular  to  the  strike,  or,  in  other  words,  at  right  angles  to 
the  direction  of  the  dip,  and  representing  every  inch  of  a  stratigraphic 
thickness  of  82  feet  showed,  on  analysis,  the  following  composition: 

Analysis  (No.  35)  or  ABonxACBOUS  Limestone,  Frederick. 
Silica  (SIO,)    9.65 

Alumina   (AlA)    2.18 

Iron  oxide  (Fe,0.)  90 

Lime   (CaO)    46.42 

Magnesia  (MgO)    3.04 

Ignition 38.43 

Total    100.62 

The  composition  and  physical  character  of  the  limestone  whose  analysis 
is  given  above  make  it  an  exceedingly  suitable  material  to  use  with  a 
shale  of  low  content  of  magnesia  in  the  manufacture  of  Portland  cement. 
Shale  of  this  character  occurs  on  the  line  of  the  Baltimore  and  Ohio 
Railroad  just  across  the  river  from  Frederick  Junction.  The  strike  of 
the  limestone  at  the  locality  here  mentioned  is  NT.  25®  E.  with  a  dip 
of  25**  E.  Limestone  of  a  similar  character  is  exposed  about  midway 
between  Frederick  and  Frederick  Junction,  and  again  between  the  mid- 
way point  and  the  Junction  itself. 

The  Oilmer  Schley  Quarry,  as  has  been  stated,  is  directly  east  of 
Frederick.     On  this  property  there  are  two  quarries,  the  old  one  now 
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practically  abandoned  because  of  the  heavy  overburden  and  the  necessity 
of  pumping  in  order  to  keep  the  quarry  free  from  water.  It  is  located 
to  the  northeast  of  where  Carroll  Creek  crosses  the  Frederick-New  Market 
road.  West  of  this  point,  and  about  550  feet  north  of  the  road  just 
mentioned,  is  the  battery  of  four  kilns  in  which  is  calcined  most  of  the 
rock  quarried  from  the  new  quarry  opened  at  a  distance  of  between 
i  and  i  of  a  mile  further  down  the  stream,  from  which  the  stone  is 
hauled  in  carts  to  the  kilns. 

The  stone  in  the  new  Schley  Quarr}'  opened  at  the  point  on  the  map 
marked  34  ranges  in  color  from  light  blue  through  dove  to  gray,  and 
has  a  working  face  of  from  25  to  30  feet.  Compared  with  the  old 
quarry  the  cover  of  residual  soil  in  this  new  quarry,  though  from  3  to  6 
feet  in  thickness,  is  small,  inasmuch  as  that  of  the  old  quarry  back 
and  east  of  the  kilns  varies  from  15  to  more  than  20  feet.  The  width 
of  the  quarry  is  about  60  feet.  The  chemical  analysis  of  a  bulk  sample 
of  the  quarry  shows  it  to  be  unusually  high  in  magnesia,  containing,  as 
it  does,  over  17  per  cent. 

Passing  from  Frederick  to  Frederick  Junction,  on  the  Baltimore  and 
Ohio  Railroad,  the  quarry  formerly  owned  by  the  Frederick  Lime  and 
Stone  Company,  and  now  the  property  of  the  Tdbler  Lime  and  Stone 
Company,  is  the  first  quarry  on  the  west  of  the  railroad  just  outside  of 
Frederick,  and  2000  feet  north  of  the  Grove  Quarry,  the  next  quarry  to 
be  described.  The  color  of  the  stone  is  blue  and  weathers  to  a  dove 
color.  It  dips  10°  to  12**  E.,  and  the  strike  of  the  bed  is  N.  50°  E. 
At  the  north  end  of  the  quarry,  namely,  the  end  nearest  the  railroad,  the 
breast  of  stone  is  32  feet.  Differential  weathering  has  occurred  at  both 
ends  of  the  quarry,  and  particularly  at  the  south  end.  At  the  north 
end  it  is  shown  by  the  more  or  less  corrugated  appearance  of  the  stone, 
the  softer  and  purer  material  occupying  the  furrows,  while  the  harder 
and  more  siliceous  forms  small  ridges  parallel  to  the  bedding. 

The  following  is  an  analysis  made  for  the  Tabler  Lime  and  Stone 
Company  of  sample  of  their  lime  submitted  for  analysis  to  Dr.  Charles 
F.  McKenna,  221  Pearl  Street,  New  York,  N*.  Y.: 
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Analysis  (No.  36)  of  Lim£  from  Tabler  Lime  and  Stone  Co.'s  Quarry. 

Frederick. 

Silica    (SIO,)    2.09 

AlumlDa   (A1,0,)    1         ^2 


} 


Iron  oxide  (Fe,0,)  

Lime   (CaO)    91.48 

Magnesia   (MgO)    1.78 

Ignition    4.11 

Total    100.18 

The  same  company  supplied  the  writers  with  the  following  physical 
tests  made  on  the  limestone  taken  from  their  quarry: 

Crushing  Tests  on  Limestone  from  the  Tabler  Lime  and  Stone  Co.'s  Quarry 

AT  Frederick. 

Ore  piece.  Failed  at 

size.  pounds. 

1"  X  1"  X  %"     V 17,000 

1"  X  r  X  1%"     29,950 

1"  X  1"  X  1"     32,800 

1"  X  1"  X  1"     32,140 

The  above  tests  were  made  by  L.  E.  Kennedy,  11  Broadway,  New  York. 

The  stone  occurring  at  the  southern  end  of  the  Tabler  Lime  and  Stone 
Company  Quarry  is  covered  with  a  heavy  mantle  of  soil  formed  as 
the  result  of  weathering  and  extending  down  between  less  soluble 
"  horses  ^^  or  masses  o£  solid  stone. 

A  sample  taken  of  the  32-foot  breast  at  the  north  end  of  the  quarry 
gave,  on  analysis,  the  following: 

Analysis  (No.  37)  of  Limestone,  Tabler  Quarry,  Frederick. 
Silica  (SiO,)    8.17 

Alumina   ( AlA)    2.69 

Iron  oxide  (FejO,)    48 

Ume  (CaO)   47.27 

Magnesia  (MgO)    2.34 

Ignition  38.70 

Total    99.65 

In  the  above  analysis 

SiO^ 2  5 

Al,0,+Fe,0,  -  ^" 

or,  in  other  words,  the  ratio  silica  to  alumina  plus  ferric  oxide  is  about 
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correct.  Moreover,  the  magnesia  is  low  and  other  deleterious  impurities 
are  absent.  A  Portland  cement  mixture  could,  therefore,  be  formed  by 
a  combination  of  this  limestone  with  the  shale  occurring  on  the  line 
of  the  Baltimore  and  Ohio  Railroad  within  ^  mile  east  of  Frederick 
Junction. 

The  M.  J.  Grove  Lime  Company's  Quarry  on  the  Baltimore  and  Ohio 
Railroad,  between  Frederick  and  Frederick  Junction,  is  the  largest 
quarry  near  Frederick.  The  cartographic  position  is  shown  on  the  map 
by  the  numerals  38-39.  It  is  the  second  quarry  met  with  going  from 
Frederick  to  Frederick  Junction,  on  the  Baltimore  and  Ohio  Railroad, 
or  traveling  along  the  Frederick-Baltimore  turnpike,  is  the. first  quarry 
beyond  the  Tabler  Quarry  already  described. 

At  the  center  of  the  quarry  the  limestone  is  folded  into  an  arch  or 
anticline,  and  is  flanked  on  either  side  by  synclines.  The  lower  20  feet 
of  limestone  at  this  point  is  dove-colored,  and  is  surmounted  by  a  darker 
limestone  that  is  blue  to  light  gray  in  color.  The  working  face  varies 
from  30  to  50  feet  in  different  parts  of  the  quarry,  depending  on  the 
amount  of  overburden,  which  ranges  from  10  to  20  feet.  Samples  were 
taken  both  on  the  east  and  south  side  of  the  quarry.  The  sample  taken 
on  the  east  side  of  the  quarry,  where  the  color  of  the  limestone  is  blue 
and  the  stone  is  more  or  less  crystalline,  was  obtained  at  the  foot  of  the 
incline  leading  from  the  crusher  down  into  the  quarry.  Its  composition 
is  given  under  No.  38,  while  the  composition  of  the  sample  from  the 
south  end  of  the  quarry  will  be  found  under  No.  39. 

Analyses  of  Limestone,  M.  J.  Grove's  Quabbt,  F&enebick. 

No.  88.  No.  89. 

Silica  (SiO,)   23.86  2.47 

AlumiDa  (AI3O,)    89)^ 

Iron  oxide  (Fe,0,)    53j 

Lime  (CaO)    36.65  43.64 

Magnesia  (MgO)   5.10  9.50 

Ignition    33.46  43.97 

Total  100.49  100.35 

The  latter  represents  the  80  feet  of  limestone  on  the  west  flank  of  the 
anticline  mentioned  as  being  exposed  on  the  south  side  of  the  quarry. 
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Both  these  analyses  show  a  content  of  magnesia  too  high  to  permit  the 
limestone  obtained  in  the  Qrove  Quarry  to  be  used  in  the  manufacture 
of  Portland  cement,  though  it  bums  into  a  very  good  grade  of  lime.  The 
company  operates  17  kilns  and  has  others  of  the  steel-clad  type  in  course 
of  construction. 

In  order  to  get  a  suitable  working  face  the  owners  of  the  Grove  prop- 
erty have  been  obliged  to  deepen  the  quarry,  and,  as  a  result,  have  en- 
countered water,  necessitating  the  installation  of  pumping  machinery 
to  prevent  the  quarry  being  flooded.  In  the  exploitation  of  this  quarry, 
as  in  other  limestone  operations  in  the  Frederick  Valley,  topography  has 
helped  very  little  in  furnishing  a  natural  working  face  to  the  quarry. 

BuoKEYSTOWN  DiSTBiCT. — The  principal  limestone  quarries  south  of 
Frederick  are  situated  at  Limekiln  and  near  Buckeystown.  Those  at 
the  former  place  are  on  the  west  side  of  the  Baltimore  and  Ohio  Railroad, 
while  those  west  of  Buckeystown  are  opened  up  along  the  right-of-way, 
and  are  about  If  miles  southwest,  along  the  track,  from  Limekiln. 

The  quarries  at  Limekiln  are  owned  and  operated  by  the  M.  J.  Qrove 
Lime  Company,  which  also  owns,  as  previously  mentioned,  the  large 
quarry  and  kilns  between  Frederick  and  Frederick  Junction.  The  stone 
burned  here  in  a  battery  of  seven  kilns  is  obtained  from  two  separate 
quarries,  neither  very  large,  and  both  having  a  more  or  less  heavy  over- 
burden of  residual  soil.  The  first  and  larger  one  of  these  quarries  is  a 
little  more  than  ^  of  a  mile  east  of  the  lime  kilns  and  station,  while  the 
other  is.  close  to  the  track,  and  just  west  of  the  compan/s  store.  The 
smaller  quarry  near  the  station  (Nos.  42-44)  has  a  working  face  of 
about  30  feet  at  its  southwest  end.  Because,  however,  of  its  depth,  and 
especially  for  the  reason  that  there  is  a  heavy  overburden  which  has  to  be 
removed  on  the  quarry^s  east  side,  it  has  been  practically  abandoned  in 
favor  of  the  larger  quarry  first  mentioned.  The  latter  has  a  working 
face  at  the  northeast  end  of  the  quarry  of  about  35  feet,  while  at  the 
,  southern  end  the  stone  is  much  weathered  and  there  is  a  heavy  over- 
burden of  residual  soil.  In  both  these  quarries  the  stone  is  blue  to 
gray  in  color,  and  in  the  case  of  the  stone  from  the  larger  quarry  (analy- 
ses Xos.  40-41)  is  high  in  magnesia.    There  is  less  magnesia  in  the  stone 
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Both  these  analyses  show  a  content  of  magnesia  too  high  to  permit  the 
limestone  obtained  in  the  Qrove  Quarry  to  be  used  in  the  manufacture 
of  Portland  cement,  though  it  bums  into  a  very  good  grade  of  lime.  The 
company  operates  17  kilns  and  has  others  of  the  steel-clad  type  in  course 
of  construction. 

In  order  to  get  a  suitable  working  face  the  owners  of  the  Grove  prop- 
erty have  been  obliged  to  deepen  the  quarry,  and,  as  a  result,  have  en- 
countered water,  necessitating  the  installation  of  pumping  machinery 
to  prevent  the  quarry  being  flooded.  In  the  exploitation  of  this  quarry, 
as  in  other  limestone  operations  in  the  Frederick  Valley,  topography  has 
helped  very  little  in  furnishing  a  natural  working  face  to  the  quarry. 

BucKEYSTOWN  DISTRICT. — The  principal  limestone  quarries  south  of 
Frederick  are  situated  at  Limekiln  and  near  Buckeystown.  Those  at 
the  former  place  are  on  the  west  side  of  the  Baltimore  and  Ohio  Railroad, 
while  those  west  of  Buckeystown  are  opened  up  along  the  right-of-way, 
and  are  about  If  miles  southwest,  along  the  track,  from  Limekiln. 

The  quarries  at  Limekiln  are  owned  and  operated  by  the  M.  J,  Qrove 
Lime  Company,  which  also  owns,  as  previously  mentioned,  the  large 
quarry  and  kilns  between  Frederick  and  Frederick  Junction.  The  stone 
burned  here  in  a  battery  of  seven  kilns  is  obtained  from  two  separate 
quarries,  neither  very  large,  and  both  having  a  more  or  less  heavy  over- 
burden of  residual  soil.  The  first  and  larger  one  of  these  quarries  is  a 
little  more  than  J  of  a  mile  east  of  the  lime  kilns  and  station,  while  the 
other  is.  close  to  the  track,  and  just  west  of  the  company^s  store.  The 
smaller  quarry  near  the  station  (Nos.  42-44)  has  a  working  face  of 
about  30  feet  at  its  southwest  end.  Because,  however,  of  its  depth,  and 
especially  for  the  reason  that  there  is  a  heavy  overburden  which  has  to  be 
removed  on  the  quarry^s  east  side,  it  has  been  practically  abandoned  in 
favor  of  the  larger  quarry  first  mentioned.  The  latter  has  a  working 
face  at  the  northeast  end  of  the  quarry  of  about  35  feet,  while  at  the 
,  southern  end  the  stone  is  much  weathered  and  there  is  a  heavy  over- 
burden of  residual  soil.  In  both  these  quarries  the  stone  is  blue  to 
gray  in  color,  and  in  the  case  of  the  stone  from  the  larger  quarry  (analy- 
ses Xos.  40-41)  is  high  in  magnesia.    There  is  less  magnesia  in  the  stone 
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in  the  quarry  nearest  the  kilns  (analyses  Nos  42-44),  but  this  advan- 
tage is  counterbalanced  by  tlie  extra  cost  of  obtaining  it. 

Analyses  of  Limestone,  M.  J.  Grove's  Quarries,  Limekiln. 

No.  40.  No.  41.  No.42.  No.  43.  No.  44. 

Silica  (SiO,)    0.85            3.76  3.90  0.31  3.63 

Alumina  (AlA)            I  ro.88|  „  3^  „ ,,  fO.99 

Iron  oxide  (Fe,0,) J  1 0.50  J  1 0.12 

Lime  (CaO)   32.89  34.06  52.23  52.35  60.70 

Magnesia   (MgO)    18.60  15.82  1.30  2.84  3.13 

Ignition     46.11  44.09  42.23  44.35  41.99 


Total    99.17  99.11         100.02  99.99         100.56 

There  are  a  number  of  limestone  quarries  around  Buckeystown,  the 
largest  and  most  important  of  which  is  the  0.  J.  Keller  Lime  Compantf's 
Quarry  situated  east  of  the  line  of  the  Baltimore  and  Ohio  Railroad 
If  miles  south  of  Limekiln.  The  limestone  beds  here  range  from  blue 
to  gray  in  color,  and  have  been  folded  into  an  arch  or  anticline.  Near 
the  center  of  this  arch,  which  has  a  span  of  about  300  feet,  that  being 
the  length  of  the  quarry  in  an  east  and  west  direction,  the  same  pres- 
sure that  produced  the  anticline  has  superinduced  a  synclinal  flexure 
upon  the  major  fold.  The  breast  of  stone  varies  in  different  parts  of  the 
quarry,  but  averages  close  to  30  feet.  Samples  from  the  southeast  (No. 
49),  northwest  (No.  48),  and  northern  (No.  47)  parts  of  the  quarry 
showed,  respectively,  on  analysis,  the  following  contents  of  magnesia, 
3.46  per  cent.,  2.83  per  cent.,  and  .66  per  cent.,  or  an  average  of  2.31 
per  cent,  magnesia  for  the  whole  quarry.  The  complete  analyses  of 
these  samples  follow: 

Analyses  of  Limestone,  Kellar  Quarry,  Buckeystown. 

No.  47.  No.  48.  No.  49. 

Silica  (SiO.)    13.94  3.03  6.49 

Alumina  (A1,0,)  1.381  f  .86 

Iron  oxide  (Fe,0,) 30J  1    .47 

Lime  (CaO)   47.02  50.85  47.40 

Magnesia  (MgO)    66  2.83  3.46 

Ignition     36.73  41.81  41.17 

Total    100.03  99.47  99.45 
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From  these  it  is  evident  that  the  quality  of  stone  makes  it  well 
adapted  to  manufacture  into  Portland  cement,  using  the  shale  found 
on  the  Baltimore  and  Ohio  just  east  of  where  the  railroad  after  leaving 
Frederick  Junction  crosses  the  Monocacy  Eiver. 

Argillaceous  Material. 

The  manufacturer  of  Portland  cement  in  the  Frederick  Valley  may 
use  either  the  Triassic  shale  on  the  west  or  the  metamorphosed  sedi- 
mentary and  igneous  slates  occurring  on  the  east.  The  Triassic  shales 
are  best  situated  for  use  near  and  north  of  Woodsboro  on  the  line  of 
the  Northern  Central  Railway,  though  they  also  may  be  had  on  the 
Baltimore  and  Ohio  Eailroad  at  and  southwest  of  Daubs  Station,  but 
the  altered  volcanics  and  metamorphosed  sedimentaries  are  nearer  to  the 
operations  around  Frederick,  and  hence  in  starting  a  plant  there  a 
suitable  shale  deposit  would  be  looked  for  along  the  line  of  the  Baltimore 
and  Ohio  Eailroad  east  of  Frederick  Junction. 

Analyses  of  both  varieties  of  shale  mentioned  above  are  given  below. 
The  analysis  marked  8  was  made  on  a  sample  of  slate  obtained  1860 
feet  east  of  the  east  bank  of  the  Monocacy,  where  it  is  crossed  by  the 
Baltimore  and  Ohio  Eailroad  bridge.  The  last  60  feet  of  this  1860 
was  represented  in  the  sample,  and  the  analysis  shows  that  it  fully  meets 
all  the  requirements  for  use  in  the  manufacture  of  Portland  cement. 
The  point  where  this  sample  was  taken  is  indicated  on  map  by  the 
figure  8. 

Samples  of  the  Triassic  shales  were  taken  along  the  line  of  the  West- 
em  Maryland  Eailroad  at  the  points  shown  on  the  map  as  Nos.  1-5. 
Though  they  contain  from  6  to  7  per  cent,  ferric  oxide,  nevertheless 
their  content  of  iron  is  less  than  one  would  expect  from  their  deep  red 
color.  They  are  low  in  magnesia  and  generally  low  in  alumina,  the  latter 
being  supplemented  by  ferric  oxide.  As  10  *  per  cent,  is  considered 
the  upper  limit  of  the  amount  of  ferric  oxide  that  a  ferruginous  shale 
may  carry  and  still  be  used  for  Portland  cement,  it  will  be  evident  from 

♦  Bull.  Ill,  Ohio  Geol.  Survey,  p.  76. 
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what  has  been  said  above  and  from  results  given  in  the  table  of  analyses, 
that  certain  of  the  Triassic  shales  would  form  a  suitable  cement  material. 
The  analyses  of  these  shales  are  given  below : 

Analyses  of  Shale,  Frederick  County. 

No.  L  No.  8.  No.  6.  No.  9. 

Silica  ( SiO.)   60.33  70.01  58.74  66.08 

Alumina  (A1,0,)    18.28  12.48  18.13  17.63 

Iron  oxide  (Fe,0,)    7.12  4.62  6.15  4.62 

Lime  (CaO)    1.01  2.78  3.08  .37 

Magnesia  (MgO)   3.75  1.30  2.34  1.03 

1.  Partial  Analysis,  Shale.  W.  Md.  Ry.,  Leys. 

3.  Partial  Analysis,  Shale.  W.  Md.  Ry.,  Graceham. 

5.  Partial  Analysis,  Shale.  W.  Md.  Ry.,  Graceham. 

9.  Partial  Analysis,  Shale.  B.  &  O.  R.  R.,  E.  Frederick  Junct. 
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SUMMARY   AND   STATISTICS   FOR   FREDERICK   VALLEY. 

The  lime  and  limestone  industry  in  the  Frederick  Valley  is  centered 
around  the  following  five  points,  Woodsboro,  Walkersville,  Frederick, 
Buckeystown,  and  Limekiln,  the  last  two  on  the  Baltimore  and  Ohio 
Eailroad  south  of  Frederick,  and  the  first  two  on  the  Northern  Central 
Railway  north  of  Frederick.     Both  of  these  railroads  enter  Frederick. 

Frederick  County,  as  usual,  ranked  first  in  the  annual  production  of 
lime,  the  value  of  the  product  being  in  the  neighborliood  of  $200,000, 
while  the  value  of  the  limestone  sold  for  other  purposes  amounted  to 
nearly  $50,000.  The  annual  products  resulting  from  the  quarrying  of 
limestone  often  reached  or  exceeded  a  total  value  of  over  $300,000. 
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The  following  table  gives  the  list  of  limestone  operators  and  producers 
of  lime  in  this  section  of  the  State.  It  includes  the  names,  not  only 
of  the  leading  operators,  but  those  of  a  goodly  number  who  only  work 
their  quarries  intermittently  and  bum  lime  occasionally: 

LIME  AND   LIMESTONE  OPERATORS   IN   FREDERICK   COUNTY. 

Fbxdkrick  and  Gi«ade  Vallbts. 

operator.  office.  quarry. 

Barrick.  8.  W.  &  Son Woodsboro    Woodsboro. 

Brookey,  Peter Frederick    Frederick. 

Cramer,  David  WalkersyiUe    WalkersviUe. 

Cram,  John  D **  Daysville. 

Devilbiss,  David  A "  WalkersviUe. 

Eichelberger,  Jacob Woodsboro    Woodsboro. 

Fountain  Rock  Lime  Co Frederick     Fountain  Rock. 

(J.  W.  Stimmel) 

Frederick  Lime  and  Stone  Co **  Frederick. 

Grove  Lime  Co.,  M.  J I^imekiln    Limekiln  and  Frederick. 

Isanogle,   A.   M Tburmont    Catoctin. 

Jones,  Mordecai Mt  Pleasant New  London. 

Le  Gore  Lime  Co Le  Gore Le  Gore. 

Lewes,  R.  Rush Frederick    Frederick. 

McAleer,  M.  Frank WalkersviUe    McAleer. 

Roddy,  F.  Daniel Mt  St  Marys Motters. 

Schley,  Gilmer Frederick    Frederick. 

Shinham,  D.  M Hagerstown    Fair  View. 

Zenti,  David  G Thtirmont    Thurmont. 

Zimmerman,  Wm.  C WalkersviUe    WalkersviUe. 

WASHINGTON  COUNTY. 

Washington  County  is  more  generously  supplied  with  raw  materials 
suitable  for  the  manufacture  of  limes  and  cements  than  any  other  county 
in  the  State.  It  is  crossed  from  northeast  to  southwest  by  several  belts 
of  limestone,  the  broadest  and  most  important  lying  in  the  eastern  sec- 
tion of  the  county  and  forming  for  the  most  part  the  floor  of  the 
Hagerstown  Valley,  while  the  smaller  form  several  detached  areas  within 
the  Allegheny  ranges. 

The  Hagerstown  Valley  is  underlain  by  two  limestone  belts,  with  an 
intervening  belt  of  shales.  The  broader  of  these  belts,  covering  an  area 
about  15  miles  in  width,  occupies  the  area  between  the  foot  of  the  Blue 
Ridge  on  the  east  and  the  Martinsburg  shale  belt  just  west  of  Williams- 
port  on  the  west.  The  narrower,  covering  a  territory  of  from  4  to  5  miles 
in  width,  extends  from  the  western  margin  of  the  Martinsburg  shale  belt, 
above  mentioned,  on  the  east,  to  the  foot  of  North  Mountain  on  the  west. 
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The  intervening  shale  belt  has  a  width  of  from  2  to  ^  miles.  The 
limestones  are  admirably  adapted  to  the  manufacture  of  limes-  and 
cements,  while  the  shales  are  excellent  as  an  admixture  for  the  latter. 
They  are  of  Cambrian  and  Ordovician  age. 

In  the  western  part  of  the  county,  west  of  North  Mountain,  the  ma- 
terials suitable  for  making  lime  and  cement  are  less  abundant  and  con- 
sist of  narrow  belts  extending  across  the  State.  The  age  of  the  lime- 
stones of  this  section  is  Silurian  and  Lower  Devonian,  while  most  of 
the  shales  were  deposited  during  the  Middle  or  Upper  Devonian. 

HAGEBSTOWN    VALLEY. 

The  limestones  forming  the  floor  of  the  Hagerstown  Valley  occupy 
also  the  Cumberland  Valley  to  the  northeast  in  Pennsylvania,  and  the 
Shenandoah  Valley  to  the  southwest  in  Virginia.  All  three  are  but 
minor  divisions  of  the  one  great  valley  that  extends  from  New  Jersey 
southward  through  Pennsylvania,  Maryland,  West  Virginia,  and  Vir- 
ginia, and  finally  ends  in  Alabama.  These  valleys  mentioned  above 
are  distinguished  mainly  on  the  basis  of  the  differences  in  the  direction 
of  their  drainage.  The  waters  of  the  Hagerstown  Valley  flow  southward 
and  empty  into  the  Potomac,  while  the  drainage  of  the  Shenandoah  Valley 
is  in  the  opposite  direction  into  the  same  river.  On  the  other  hand,  the 
Hagerstown  Valley  is  separated  from  the  Cumberland  Valley  on  the 
northwest  by  a  watershed  north  of  which  the  streams  enter  the  Susque- 
hanna, and  south  of  which  they  flow  into  the  Potomac. 

« 

Geology, 

The  Shenandoah  limestones  of  the  Hagerstown  Valley  are  in  contact 
on  the  west  with  the  overlying  Martinsburg  shale,  and  on  the  east  with 
the  Harpers  shale,  since  the  Antietam  sandstone,  which  normally  lies 
between  the  limestone  and  Harpers  shale,  has  been  faulted  out. 

These  limestones,  composing  the  Shenandoah  group,  are  blue  to  light 
gray  in  color,  and  range  in  composition  from  almost  pure  calcium  car- 
bonate to  calcium  carbonate  more  or  less  combined  with  magnesia,  silica, 
alumina,  iron,  and  other  impurities.    Where  the  last  three  are  present 
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in  considerable  quantity  the  limestone  becomes  shaly  or  argillaceous. 
The  amount  of  magnesia  is  rarely  sufficient  to  form  a  true  dolomite, 
but  yet  enough  is  present  to  make  many  of  tlie  beds  valueless  for  Port- 
land cement  manufacture.  The  limestones  also  var}'  in  texture  from  fine- 
grained to  semi-crystalline,  and  have  been  found  in  certain  areas  of  the 
eastern  part  of  Washington  County  even  as  a  pure,  fine-grained  marble. 

The  recent  work  of  Geo.  W.  Stose,  of  the  U.  S.  Geological  Survey,  has 
shown  that  the  Shenandoah  limestone  may  be  divided  into  seven  inde- 
pendent stratigraphic  units.  The  total  thickness  of  the  Shenandoah 
group,  according  to  his  investigations,  is  about  10,000  feet,  or  nearly 
2  miles. 

The  following  table  adapted  from  Stose  *  gives  the  divisions  of  the 
Shenandoah  group,  the  overlying  Martinsburg  formation,  and  the  two 
formations  occurring  immediately  under  the  Tomstown,  the  lowest  mem- 
ber of  the  Shenandoah  group.  It  also  gives  a  correlation  with  the 
standard  New  York  section,  and  although  this  table  refers  particularly 
to  the  formation  comprising  the  Shenandoah  group  in  southern  Penn- 
sylvania, nevertheless  it  may  be  used  to  advantage  for  our  present  pur- 
poses since,  with  the  possible  exception  of  differences  in  thickness,  it 
applies  to  the  same  divisions  as  they  occur  in  Maryland : 

Geoi/)gical  Formations  of  Haoebstown  Valley. 

fEden 

Martinsburg  formation J  Utlca 

^  Upper  Trenton . . 

r Lower  Trenton. 

Black  River 

Lowville i^Ordovician. 

Upper  Chazy 

Stones  River  limestone  800-1000  feet Lower  and 

middle  Chazy 

Beekmantown  limestone  2250-2300  feet Beekmantown. . . 

Conococheague  limestone  1635  ±  feet Saratoga ' 

Elbrook  formation  3000  ±  feet Acadian 

Waynesboro  formation       1250  ±  feet 

Tomstown  limestone  1000  ±  feet .... 

Antietam  sandstone 

Harpers  shale 


Chambersburg  limestone  100-600  feet -< 


o 

b 

a 

d 

Q 
QQ 


^Georgian 


'  Cambrian. 


♦  Journal  of  Geology,  Vol.  XVI.  p.  698,  1908. 
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Limestone  Formations. — Four  of  the  following  formations  are  as- 
signed to  the  Cambrian  and  three  to  the  Ordovieian,  as  will  be  aeea 
by  reference  to  the  foregoing  table.  The  thickness  and  physical  char- 
acteristics peculiar  to  each  are  given  below. 

The  Tomstown  (Shady-Sherwood)  Formation. — ^This  is  a  masaiTe 
drab  to  white  magnesian  limestone.  Except  near  the  base  whidi  is 
usually  concealed  the  beds  comprising  this  formation  are  generally  im- 
pure and  high  in  magnesia.  The  beds  become  cherty  near  the  top  and 
pass  into  alternating  beds  of  sandstone  and  purple  shale.  The  dierty 
portion  is  more  resistant  to  weathering  than  the  rest  of  the  formation, 
with  the  result  that  the  major  part  of  the  Tomstown  formation>  as  a 
rule^  occupies  a  valley  parallel  to  the  older  siliceous  rocks  on  the  east 


M.  MartlQsburg  shale. 

Gh.  Chambersburg  1.  8. 

S.  Stones  River  1.  s. 

B.  Beekmantown  l.s. 


Go.  Gonococheague  1.  s.  A.  Antietam  s.  8. 

B.  Elbrook  I.  s.  H.  Harpers  shales. 

W.  Waynesboro  s.  s.  and  1.  s.  L.  Loudon  formation. 

T.  Tomstown  I.  s.  Ig.  Igneous. 

Wev.  Weverton  s.  s. 


Fig.  22. — Section  showing  geological  structure  across  Hagerstown  Valley 

(through  Hagerstown). 

and  the  cherty  ridge  composed  of  the  cherty  portion  of  the  Tomstown 
just  mentioned.  A  more  prominent  ridge,  sustained  by  the  siliceous 
Waynesboro  formation,  rises,  however,  near  the  contact  with  the  Toms- 
town a  little  farther  west.  The  latter  lies  between  the  Antietam  sand- 
stone below  and  the  Waynesboro  (Wantaga-Buena  Vista)  shale  above, 
and  has  a  thickness  of  about  1000  feet 

The  only  occurrence  of  the  Tomstown  formation  in  Maryland  is  con- 
fined to  the  eastern  part  of  Washington  County,  which  it  traverses  in  a 
general  northeast-southwesterly  direction.  Entering  the  State  from 
Pennsylvania  immediately  east  of  the  Waynesboro  Branch  of  the  West- 
em  Maryland  Eailroad,  it  crosses  the  main  line  between  the  stations 
of  Smithsburg  and  Cavetown,  following  the  foot  of  the  western  slope  of 
South  Mountain.  The  area  occupied  is  about  1^  miles  wide.  The 
eastern  limit  of  the  formation  follows  the  foot  of  the  mountain,  while 
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its  contact  with  the  overlying  Waynesboro  follows  a  line  from  Cavetown 
southwestward  past  Mt.  Pleasant  to  the  Washington  County  Branch  of 
the  Baltimore  and  Ohio  Railroad,  a  short  distance  west  of  Keedysville. 
A  roughly  parallel  line  passing  a  short  distance  west  of  Boonesboro  and 
Smithburg  describes  the  boundary  on  the  east.  East  of  a  line  from 
Smoketown  to  Eakles  Mills  there  is  infolded  a  narrow  belt  of  the  more 
resistant  ridge-forming  Waynesboro.  The  southern  limits  of  the  Toms- 
town  formation  are  marked  by  faulting  and  folding  which  divides  the 
areal  distribution  into  two  narrow  areas,  one  ending  south  of  Eakles 
Mills,  the  other  faulted  a  mile  more  or  less  north  of  Tregore  Station. 

This  formation  also  extends  southward  to  the  Potomac  near  Harpers 
Ferry,  as  a  small  area  which  has  been  shifted  westward  by  faulting. 

The  two  chief  industrial  developments  within  the  limits  of  the  Toms- 
town  formation  are  widely  separated  and  distinctly  different.  That 
at  Cavetown  is  on  the  Western  Maryland  Railroad.  Here,  P.  G.  Zouck 
and  Company  operate  a  quarry  for  the  manufacture  of  crushed  stone  for 
ballast  and  for  burning  to  lime.  The  other  operation  is  at  Eakles  Mills 
and  is  conducted  for  the  quarrying  of  marble.  The  white  crystalline 
limestone  or  marble  won  here  is  the  result  of  metamorphism  caused  by 
the  proximity  to  and  also  presence  of  intense  folding  and  faulting. 

The  Waynesboro  Formation, — The  Waynesboro  formation,  consisting 
largely  of  sandstones,  purple  shales,  and  hard  limestones,  yields  little  or 
no  material  for  the  manufacture  of  lime  and  cement,  but  is  serviceable  as 
a  maker  indicating  by  its  long,  low  ridges  and  knobs  the  areal  distribution 
of  the  underlying  Tomstown  and  overlying  Elbrook  formations  which 
form  well-defined  areas  of  depression  on  either  side  of  the  Waynesboro 
elevations. 

The  formation  in  Maryland  occurs  as  three  narrow  belts  extending 
parallel  to  the  mountains  in  areas  more  or  less  enclosed  by  th6  adjoining 
formations.  The  first  of  these  belts  entering  the  State  irom  the  north 
extends  southwesterly  from  Ringgold  past  Cavetown  and  Mt.  Pleasant 
to  Keedysville,  where  it  is  cut  out  by  a  fault.  The  second  area  is  of 
slight  extent.  Beginning  about  2  miles  east  of  Smoketown,  it  forms  a 
low  ridge  or  series  of  ridges  to  a  point  approximately  2  miles  northeast  of 


402  The  Limestones  of  Maryland 

Eakles  Mills.  The  third  area  is  due  to  a  sharply  compressed  anticline 
which  brings  the  Waynesboro  formation  to  the  surface  in  a  narrow  belt, 
parallel  to  the  first,  extending  from  1^  miles  east  of  Mills,  past  Beaver 
Creek  and  Benevola,  to  a  point  less  than  2  miles  east  of  Sharpsburg. 

The  formation  consists  of  sandstones,  shales,  and  limestones.  Near 
the  base  is  a  siliceous  bed  of  limestone  which  weathers  to  a  slabby  porous 
sandstone,  in  the  middle  are  dark-blue  to  white  limestones,  rich  in  mag- 
nesia,  which  grade  upward  with  increase  of  silica  into  slabby  sandstones 
and  siliceous  shales.    The  thickness,  as  estimated  by  Stose,  is  1250  feet. 

No  operations  were  noted  during  a  field  study  of  this  formation,  but 
it  is  possible  that  with  the  development  of  the  cement  industry  individual 
beds  may  be  found  suitable  for  mixture  with  the  limestones  of  the 
region. 

The  Elbrook  Formation, — The  Elbrook  formation  consists  of  a  series 
of  bluish-gray  limestones  which  are  usually  shaly  or  thin-bedded  in  the 
weathered  outcrop,  though  appearing  massive  in  the  quarry  face.  Both 
the  more  magnesian  and  the  more  siliceous  beds  occur  near  the  center 
of  the  formation,  while  near  the  top  are  conglomerate  and  so-called 
"edgewise"  beds  (see  Plate  XXII)  indicative  of  an  unconformity.  The 
thickness  of  the  formation  is  approximately  3000  feet. 

The  areal  distribution  of  the  Elbrook  formation  is  limited  on  the 
east  by  the  low  ridges  of  the  Waynesboro  formation,  and  on  the  west 
by  the  relatively  rugged  topography  of  the  Conococheague  formation. 
The  breadth  of  the  area  underlain  by  the  Elbrook  formation  is  approxi- 
mately 2  miles  on  the  Mason  and  Dixon  Line.  With  this  breadth  it 
passes  southwestward  between  Philo  and  Leitersburg  across  the  Western 
Maryland  Eailroad  to  the  Hagerstown-Funkstown  electric  line,  beyond 
which  point  it  begins  to  broaden  on  the  west,  ultimately  merging  with 
a  somewhat  detached  area  of  the  same  formation  separated  by  an  infold- 
ing of  the  oveylying  Conococheague.  This  narrow  western  belt  crosses 
the  Western  Maryland  Eailroad  about  midway  between  Bissell  and 
Chewsville,  with  a  breadth  of  about  1800  feet.  South  of  the  union  of 
the  two  belts,  at  a  point  about  1^  miles  north  of  Breathedsville,  the  area 
occupied  by  the  Elbrook  formation  widens  to  more  than  3^  miles  in  the 
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vicinity  of  Sharpsburg.  The  eastern  boundary  crosses  the  Potomac  near 
the  westerly  bend  between  Antietam  and  Dargan.  The  western  boundary, 
representing  the  contact  between  this  formation  and  the  overlying  Conoco- 
cheague,  crosses  the  Potomac  at  Shepherdstown. 

No  quarries  of  importance  are  at  present  in  operation  in  the  Elbrook 
formation.  Suitable  beds  occur,  however,  for  the  manufacture  of  both 
lime  and  cement,  although  most  of  the  beds  are  high  in  magnesia.  Pure 
limestone  beds  have  been  located  at  Chewsville  by  the  Le  Gore  Lime 
Company,  and  property  has  been  purchased  there  for  the  opening  of  a 
quarry  and  for  the  erection  of  kilns. 

During  the  early  days  of  natural  cement  manufacture  this  formation 
was  more  extensively  worked  perhaps  thari^any  other  one  of  the  Shenan- 
doah group  of  limestones,  as  is  evidenced  by  the  old,  abandoned  quarries 
and  mill  of  the  Potomac  Natural  Cement  Company  located  near  the 
Potomac  southwest  of  Sharpsburg. 

The  Conococheague  Formation, — ^This  formation  consists  of  siliceous 
and  argillaceous  limestones  which  at  a  number  of  horizons  are  suitable 
for  the  manufacture  of  cement.  Associated  with  these  are  white,  drab, 
or  dark  magnesian  beds.  The  low  ridges  marking  the  position  of  the 
base  of  the  formation  are  due  to  limestone  conglomerates  and  accompany- 
ing siliceous  beds.  The  conglomerate  consists  of  rounded  limestone 
pebbles  an  inch  or  more  in  diameter,  imbedded  in  a  calcareous  matrix. 
"  Edgewise  beds,"  so  called  because  of  their  beds  being  composed  of  thin 
fragments  of  limestone  tilted  at  different  angles  and  held  together  by 
calcareous  cement,  also  occur.  The  unconformable  contacts  are  further 
marked  by  oolites  and  limestones  with  uneven  clay  partings.  The  weath- 
ering is  also  characteristic  in  that  the  massive  dark-blue  limestone  which 
composes  the  body  of  the  formation  on  large  exposure  shows  on  a  gray 
background  brown  and  yellow  bands  ranging  from  an  inch  in  thickness 
to  very  thin  laminae.  This  formation  lies  between  the  Elbrook  below  and 
the  Beekmantown  above,  and  has  a  thickness  of  about  1500  feet.  It 
corresponds  to  the  lower  part  of  what  was  first  described  by  Stose  as  the 
Knox  limestone. 

The  Conococheague  formation  in  Washington  County  occurs  both  east 
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and  west  of  the  Martinsburg  shale  belt.  The  eastern  area  enters  Mary- 
land from  the  north  in  a  single  broad  band  which,  within  3  miles  of  the 
boundary,  is  separated  into  two  areas  by  the  intervening  belt  of  Elbrook 
already  described.  The  smaller  easternmost  area  of  Conococheagne  ex- 
tends with  an  average  width  of  about  a  mile  to  a  point  IJ  miles  north 
of  Breathedsville.  The  larger  central  area  extends  southwesterly  across 
the  State  with  an  average  breadth  of  a  trifle  less  than  3  miles.  The 
western  boundary  of  this  area,  except  for  a  small  re-entrant  south  of 
Hagerstown,  may  be  described  as  a  straight  line  running  from  Reid 
past  Hagerstown  and  St.  James  to  the  Potomac  River,  which  it  crosses 
near  the  boundary  between  Jefferson  and  Berkley  counties.  West  Vir- 
ginia. The  eastern  limit  is  the  contact  with  the  Elbrook  formation 
already  described. 

The  area  of  Conococheagne  west  of  the  Martinsburg  shale  is  about 
3000  feet  broad  on  the  Pennsylvania  boundary,  broadening  to  twice  that 
amount  where  it  is  traversed  by  the  Western  Maryland  Railroad,  between 
Charlton  and  Big  Spring. 

Quarries  have  been  opened  on  the  Conococheagne  formation  at  a  num- 
ber of  points  to  obtain  stone  for  more  or  less  local  consumption,  but  the 
most  important  operation  is  between  Bissell  and  the  Western  Maryland 
Railroad  bridge  across  Antietam  Creek.  The  company  operating  here 
is  the  Security  Cement  and  Lime  Company,  which  is  at  present  increas- 
ing the  capacity  of  its  Portland  cement  mill  from  800  to  2000  barrels 
per  day.*  On  account  of  the  character  of  its  materials  and  the  trans- 
portation facilities  afforded  by  the  Western  Maryland,  Norfolk  and 
Western,  and  Baltimore  and  Ohio  Railroads,  the  Conococheagne  forma- 
tion probably  gives  greater  promise  of  being  extensively  worked  as  a 
source  of  calcareous  material  for  the  manufacture  of  Pori;land  cement 
than  any  of  the  other  members  of  the  Shenandoah  group  in  Washington 
County. 

A  large  quarry  in  the  Conococheagne  formation  is  also  operated  by 
S.  P.  Angle  in  Hagerstown,  nori;heast  of  the  intersection  of  the  Western 

*  A  detailed  description  of  this  p]ant,  the  first  erected  in  Maryland  for  the 
manufacture  of  Portland  cement  will  be  found  on  subsequent  pages. 
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Maryland  and  Cumberland  Valley  Bailroads.  Practically  the  entire 
output  of  this  plant  is  sold  for  railroad  ballast,  none  of  the  stone  quarried 
being  burned  into  lime. 

The  Beekmantown  Formation, — This  formation  consists  of  massive 
and  finely  laminated  beds  characterized  by  a  varying,  but  usually  high, 
content  of  magnesia  and  silica.  Pure  beds,  however,  occur,  but  are 
more  abundant  and  thicker  near  the  base  where  they  are  satisfactory  for 
the  manufacture  of  lime  and  cement,  especially  the  latter.  The  horizon 
near  the  base  marked  by  the  occurrence  of  "  edgewise  *'  and  siliceous 
beds  similar  to  those  in  the  Conococheague,  is  a  transition  zone  which 
has  been  called  the  "  Stonehenge  "  member.  This  member  has  not  been 
represented  on  the  map  accompanying  this  report.  The  Beekmantown 
lies  between  the  Conococheague  below  and  the  Stones  River  above,  and 
has  ,a  thickness  of  about  2300  feet. 

The  Beekmantown  formation  crosses  Washington  County  in  three 
separate  but  parallel  areas.  The  widest  of  the  three  lies  to  the  east  of 
the  Martinsburg  shale,  while  the  two  narrow  belts  lie  to  the  west  of  it. 

The  largest  of  the  three  areas  is  approximately  4  miles  wide,  and 
occupies  the  territory  between  Hagerstown  on  the  east  and  Williamsport 
on  the  west.  It  traverses  the  State  as  a  broad  belt  from  northeast  to 
southwest,  its  eastern  boundary  being  marked  by  its  contact  with  the 
older  Conococheague  formation;  while  on  the  west  the  boundary  line  is 
the  same  as  that  which  shows  the  contact  between  it  and  the  overlying 
Stones  River  formation,  except  where,  as  at  Williamsport,  it  is  locally 
in  contact  with  the  Chambersburg  through  faulting. 

The  two  narrower  belts  west  of  the  Martinsburg  shale  are  separated 
by  the  westernmost  area  of  Conococheague.  The  more  eastern  of  the 
two  imderlies  the  area  between  Charlton  and  its  contact  with  the  Stones 
River  formation.  This  line  of  contact  crosses  the  State  in  a  northeast- 
southwest  direction,  and  is  about  2000  feet  west  of  Pinesburg.  The 
western  boundary  is  marked  by  the  contact  with  the  Conococheague. 
The  width  of  this  area  is  approximately  1^  miles.  The  more  western 
of  two  belts,  where  traversed  by  the  Western  Maryland,  is,  however,  wider 
than  this,  but  diminishes  in  width  northeastward. 
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The  only  quarries  of  any  importance  operated  on  the  Beekmantown 
formation  are  those  worked  for  the  purpose  of  obtaining  road  metal, 
ballast,  or  stone  for  use  in  concrete.  Within  none  of  its  three  belts  is 
the  stone  quarried  and  burned  into  lime,  except  for  supplying  a  limited 
local  demand.  The  larger  of  the  two  more  important  plants  is  located 
at  Halfway,  and  at  present  (1909)  is  not  in  operation.  When  worked 
most  of  its  output  went  to  the  Norfolk  and  Western  Railroad  for  use 
as  ballast.  The  smaller  of  the  two  plants  is  located  on  the  Williamsport 
road  between  Halfway  and  Hagerstown,  and  the  larger  part,  if  not  all, 
of  its  output  is  used  in  the  manufacture  of  concrete  blocks.  The  absence 
of  lime  or  cement  plants,  however,  should  not  be  taken  to  indicate  the 
absence  of  suitable  materials.  These  occur,  but  at  present  are  not 
utilized. 

T}ie  Stones  River  Formation. — ^This  consists  of  very  pure  dove-colored 
limestones,  together  with  other  beds  high  in  magnesia.  The  purer  beds 
of  limestone  occur  at  and  near  the  top  of  the  formation,  and  this  is  the 
portion  which  is  most  extensively  quarried.  The  pure  limestone  above 
is  followed  by  equally  pure  but  thinner  beds  below,  alternating  with 
harder  beds  higher  in  magnesia.  The  beds  high  in  lime  may  be  identi- 
fied where  they  project  above  the  surface  by  their  weathering  into  white, 
smooth,  and  rounded  forms,  and  may  be  told  by  their  velvety  texture 
in  fresh  fracture  and  by  their  characteristic  dove  color.  They  yield  a 
deep  red  soil,  which  is  marked  usually  by  a  growth  of  cedars.*  "  Indeed, 
the  presence  of  a  considerable  number  of  cedar  trees  in  an  area  of 
Ordovician  strata  is  quite  a  reliable  sign  that  tlie  underlying  rocks  are 
of  Stones  River  age.**  Because  of  this  relationship  it  is  sometimes  re- 
ferred to  as  the  "  cedar  stone." 

The  Stones  River  formation  lies  between  the  Beekmantown  below  and 
the  Chambersburg  formation  above,  and  usually  possesses  a  thickness 
of  approximately  900  feet. 

The  areal  distribution  of  the  Stones  River  formation  in  Washington 
County  is  limited  to  narrow  belts  closely  associated  with  the  broader 


♦  Bassler,  R.  S.    The  Cement  Resources  of  Va,  west  of  the  Blue  Ridge,  p.  54. 
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Martinsburg  shale  areas.  Through  faulting  the  two  formations  are  fre- 
quently in  contact  without  the  intervening  Chambersburg.  This  faulting 
has  also  at  times  led,  as  at  Williamsport,  to  a  contact  of  the  Chambers- 
burg and  Beekmantown  without  the  presence  of  the  Stones  River  beds. 
Three  belts  of  Stones  River  cross  the  State  from  Pennsylvania  to  the 
Potomac.  The  first,  lying  east  of  the  broad  Martinsburg  shale  belt  along 
the  Conococheague  River,  may  be  described  as  a  narrow  band,  scarcely 
i  mile  wide,  along  the  road  from  Cearfoss  to  Williamsport.  On  the 
east  it  is  limited  by  the  underlying  Beekmantown,  on  the  west  by  a  fault 
which  cuts  out  the  overlying  Chambersburg,  except  locally  near  the 


M.  S.  Martinsburg:  shale. 

Ch.  Chambersburff  formation. 

S.  Stones  River  formation. 

B.  Beekmantown  formation. 


Co.  ConocooheafiTue  formation. 

E.  Elbrook  formation. 

W .  Waynesboro  formation. 

T.  Tomstown  formation. 


Fio.  23. — Section  showing  geological  structure  across  Hagerstown  Valley 

(through  Boonsboro).    (R.  C.  Williams.) 

east  end  of  the  stone  bridge  at  Williamsport.  The  second,  lying  on  the 
west  side  of  the  Martinsburg  shales,  is  here  separated  from  them  by  a 
narrow  belt  of  Chambersburg.  This  second  area  of  Stones  River  may 
be  described  as  extending  across  the  State  from  near  Fairview  to  Pines- 
burg.  The  third,  lying  near  the  base  of  North  Mountain,  likewise  ex- 
tends across  the  State  as  a  belt  from  a  point  just  west  of  Dry  Run  to 
the  Potomac  at  McCoys  Ferry.  This  is  bounded  on  the  east  by  the  under- 
lying Beekmantown  and  on  the  west  by  a  narrow  belt  of  Chambersburg, 
until  the  latter  is  cut  out  by  a  fault  near  Green  Spring  Furnace.  From 
the  latter  point  to  the  river  this  fault  is  the  boundary  of  the  Stones 
River. 
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The  Chambersburg  Formation, — ^This  formation  consists  of  more  or 
less  pure  argillaceous  limestones  and  calcareous  shales.  The  materials 
composing  it  pass  from  argillaceous  limestones  at  the  bottom  to  calr 
careous  shales  at  the  top.  It  lies  between  the  Stones  River  formaticm 
below  and  the  Martinsburg  shale  above.  Its  range  in  thickness  is  from 
800  to  1000  feet. 

The  Chambersburg  formation,  like  the  Stones  River  formation  to 
which  in  normal  position  it  is  superjacent,  occurs  on  both  sides  of  the 
broad  belt  of  Martinsburg  shale.  A  third  belt  crosses  Washington  County 
in  a  northeasterly  direction  from  McCoys  Perry  on  the  south,  past  Fair- 
view,  and  thence  follows  the  contact  with  a  narrow  belt  of  the  Martins- 
burg sliale  that  lies  to  the  east  of  North  Mountain  to  a  point  about  1 
mile  west  of  Dry  Run  on  the  north.  On  the  east  it  is  in  contact  with 
the  Stones  River  formation.  The  two  belts  first  mentioned  lie,  respec- 
tively, east  and  west  of  the  broad  Martinsburg  shale  belt  which  crosses 
the  Potomac  at  Pinesburg  on  the  west  and  at  Williamsport  on  the  east. 
The  Chambersburg  belt  to  the  east  is  of  very  limited  extent,  and  only 
occurs  at  and  in  the  immediate  vicinity  of  Williamsport.  West  of  the 
Martinsburg  formation  the  Chambersburg  formation  is  in  contact  with 
the  former  at  Pinesburg  Station^  and  is  in  contact  on  the  west  with  the 
Stones  River  formation.  It  continues  between  the  contact  with  the 
Martinsburg  on  the  east  and  the  Stones  River  on  the  west  northeastward 
to  the  Mason  and  Dixon  Line,  continuing  thence  into  Pennsylvania. 

The  chief  value  of  the  Chambersburg  formation  from  an  economic 
viewpoint  lies  in  its  argillaceous  character  and  the  composition  of  certain 
of  its  beds  which  are  of  such  a  nature  that  they  are  almost  natural  Port- 
land cement  mixtures.  Suitable  mixtures  for  the  manufacture  of  Port- 
land cement  ought  to  be  obtained  without  diflBculty  by  adding  to  the 
material  from  the  "  cement  beds  *'  of  the  Chambersburg  proper  amounts 
of  the  pure  limestone  from  the  upper  portion  of  the  adjoining  Stones 
River  formation.  So  far,  however,  the  Chambersburg  formation,  though 
possessing  the  potentiality  just  mentioned,  has  been  put  to  no  economic 
use  whatever  in  Washington  County. 
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Shale  Formations. — ^The  argillaceous  material  required  in  the  manu- 
facture of  Portland  cement  may  be  found  in  the  Hagerstown  Valley  in 
two  geological  formations — the  Harpers  shales,  lying  beneath  and  east 
of  the  limestones,  and  the  Martinsburg  shales,  which  occur  in  several 
belts  across  the  State. 

Harpers  Shale. — ^The  Harpers  shale  is  exposed  on  the  east  side  of  the 
Hagerstown  Valley  in  a  belt  running  northeast  and  southwest,  which 
is  i  to  J  of  a  mile  wide,  and  in  faulted  contact  on  its  west  side  with  the 
Shenandoah  limestone. 

The  Harpers  formation  consists  of  siliceous  sliales  and  intercalated 
beds  of  sandstone.  The  shales  are  bluish-gray  in  color,  weathering  to 
a  light  greenish-gray.  The  total  thickness,  which  is  not  exposed  at  any 
one  place,  is  estimated  to  be  about  1200  feet. 

Martinsburg  Shale, — The  Martinsburg  shale  overlies  the  Shenandoah 
limestone  and,  like  the  upper  part  of  the  Shenandoah  group,  is  Ordo- 
vician  in  age.  Three  divisions  have  been  distinguished  by  Stose,  which 
are  as  follows : 


Martinsburg  formation 


''Eden. 
Utica. 
Trenton  (upper  part). 

The  Martinsburg  formation  is  composed  of  thick  beds  of  black  and 
gray  shales  with  thin,  interbedded  gray  to  greenish-gray  and  brownish- 
colored  sandstones.  The  shales  are  usually  fine-grained  in  texture  and 
fairly  uniform  in  composition  over  large  areas.  At  and  near  the  base 
of  the  formation  they  contain  lime  in  amounts  varying  from  about  2 
to  10  per  cent.  The  upper  beds,  however,  are  lower  in  lime  and  higher 
in  silica,  which  ranges  from  about  50  to  65  per  cent.,  while  the  sum  of 
the  alumina  and  iron  is  generally  from  20  to  30  per  cent.  The  thick- 
ness of  this  formation  is  between  700  and  1000  feet. 

Distrihution  of  Lime  and  Cement  Materials  in  Hagerstown  Valley, 

Calcareous  Materials. — The  mineral  resources  of  this  region  until 
recently  have  been  little  developed,  compared  with  what  they  might  be. 
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Quarries  for  limestone  to  be  used  locally  and  for  burning  into  lime  have 
long  been  operated,  but  most  of  the  undertakings  have  been  on  a  small 
scale.  The  individual  quarries  and  certain  of  the  more  promising  op- 
portunities for  future  development  are  described  in  the  following  pages. 
These  will  be  discussed  according  to  the  railroads  which  traverse  the 
valley. 

Western  Maryland  Railroad. — ^Beginning  at  the  eastern  end  of  this 
railroad,  as  it  crosses  the  valley,  the  most  important  centers  of  opera- 
tion are  Cavetown,  Security,  Hagerstown,  Williamsport,  Pinesburg,  and 
McCoys  Perry. 

The  quarry  at  Cavetown  is  owned  and  operated  by  P.  0.  Zouck  and 
Company,  who  dispose  of  their  product  either  as  crushed  stone  for  ballast 
or  burnt  lime  for  agricultural  purposes.  This  quarry  was  sampled  at 
two  points.  Sample  No.  1,  an  analysis  of  which  follows  below,  was 
taken  to  represent  the  lower  35  feet  of  the  50-foot  breast  of  stone 
shown  in  the  quarry: 

Analyses  of  Limestone,  P.  G.  Zouck  and  Co.'s  Quabbt,  Cavetown. 

No.  1.  No. «. 

Silica  (SiO,) 79  1.21 

Alumina  ( AlA)    

Iron  oxide  (Fe,0.)  

Lime  (CaO)    48.49  50.07 

Magnesia  (MgO)   5.19  4.85 

Ignition    43.95  43.65 


I     .94  .54 


Total   99.36  100.32 

Near  the  center-  of  the  quarry  where  the  sample,  whose  composition 
is  given  in  analysis  No.  1,  was  taken,  the  8  to  10  feet  of  rock  capping 
the  rest  is  a  flaggy-white  to  dove-colored  limestone  that  breaks  up  on 
weathering,  and  when  struck  with  a  hammer,  into  small  and  more  or 
less  cube-shaped  blocks.  Under  this  band  the  limestone  is  blue  to  blue- 
gray  and  massive.  It  strikes  N.  18**  E.  and  dips  12**  E.  The  total  work- 
ing face  is  about  50  feet  high,  but  only  the  bottom  35  feet,  as  stated 
above,  is  represented  in  the  sample. 
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A  second  sample  of  the  Zouck  Quarry  was  taken  150  feet  west  of 
where  the  first  sample  mentioned  was  obtained.  In  this  sample  is  in- 
cluded 55  feet  of  stone,  or  all  of  the  quarry  face,  with  the  exception  of 
several  feet  of  weathered  material  just  under  the  thin  cover  of  re- 
sidual soil.  Tlie  top  portion  of  this  55  feet  consists  of  18  to  20  feet 
of  dove-colored  limestone,  below  which  there  is  a  blue  to  gray  massive 
bed  of  limestone  extending  to  the  level  of  the  floor  of  the  quarry.  The 
composition  of  this  sample  is  represented  by  analysis  No.  2. 

Both  analyses  are  quite  low  in  clayey  matter  and  high  in  carbonates 
so  that  when  burned  the  stone  yields  a  good  quality  of  lime.  Were  it 
not  slightly  high  in  magnesia  it  would  be  suitable  to  manufacture  into 
Portland  cement. 

About  J  of  a  mile  west  of  Cavetown,  where  there  is  a  bridge  across 
the  railroad,  a  number  of  shaly  limestone  beds  are  exposed  in  the  rail- 
road cut  for  a  distance  of  nearly  200  feet.  These  strike  N.  20**  E.  and 
dip  about  30**  E.,  and  underlie  125  feet  of  limestone  which  is  blue  on 
fresh  fracture,  and  weathers  to  a  gray  to  dove-colored  surface,  and  is 
represented  in  the  sample  upon  which  the  analysis. below  was  made: 

Analysis  (No.  3)  of  Limestotte  y^  Mile  West  of  Cavetown. 

Silica  (SiO,)    1.77 

Alumina   ( AlA)    73 

Iron  oxide  (Fe.^)  45 

Lime  (CaO)       31.80 

Magnesia  (MgO)    19.51 

Ignition  45.69 

Total 99.95 

At  Chewsville  there  are  some  old  openings  in  the  limestone  of  the 
Elbrook  formation  on  property  which  has  recently  been  acquired  by  the 
Le  Otore  Lime  Company.  Samples  were  taken  on  the  north  side  of  the 
railroad  100  feet  east  of  the  station  (No.  7),  and  north  of  the  first  cut 
east  of  the  station  (No.  8).  These  samples,  on  analysis,  appeared  very 
satisfactory,  as  may  be  seen  from  the  following  figures: 


412  The  Limestones  of  Maryland 

Analyses  (Nos.  7-9)  of  Limestone  from  Le  GiOre  Propebtt,  Chewsvillb. 

No.  7.  No.  8.  No.U. 

silica  (SIO,)    1.20  1.10  1.40 

AlumlnaUlO.)     |   ^  ^^  ^^  ^^ 

Iron  oxide  (Fe,0,)   J 

Lime  (CaO)   52.30  54.60  54.00 

Magnesia  (MgO)  2.35  .86  1.15 

Ignition 43.56  43.68  43.51 

Total    100.91  100.94  101.00 

The  establishment  of  a  large  cement  plant  at  Security,  a  new  station 
situated  near  the  bridge  over  Antietam  Creek  about  2  miles  east  of 
Hagerstown,  has  attracted  attention  to  the  possibilities  of  cement  manu- 
facture in  the  State.  Before  locating  at  this  point  the  company  made 
careful  examinations  of  many  properties  throughout  the  valley.  The 
unusual  size  of  the  plant  and  the  fact  that  it  is  the  first  modern  Portland 
cement  mill  to  be  erected  in  Maryland,  necessitates  a  more  extended 
discussion  of  this  area,  which  will  be  found  under  its  proper  caption 
on  a  later  page. 

The  limestone  deposits  in  the  immediate  vicinity  of  Hagerstown  re- 
ceive a  slight  advantage  from  their  proximity  to  a  center  of  building, 
but  this  is  largely  offset  by  a  corresponding  increase  in  the  value  of  the 
surface  of  the  land  for  building  purposes,  which  deters  operators  from 
selecting  these  points  for  large  operations,  even  when  the  quantity  and 
quality  of  the  beds  are  satisfactory. 

The  central  and  eastern  |X)rtions  of  the  city  are  underlain  with  lime- 
stones of  the  Conococheague  formation,  while  limestones  occurring  along 
the  western  side  of  the  city  are  of  the  Beekmantown  formation. 

Stone  from  the  Conococheague  is  quarried  by  S.  P.  Angle  for  ballast 
and  road  metal. 

Promising  material  conveniently  situated  with  reference  to  trans- 
portation and  accessible  to  suitable  shale  obtainable  from  the  Martins- 
burg  shale  belt  west  of  Williamsport  or  from  the  Harpers  formation 
between  Edgemont  and  Smithsburg,  is  found  north  of  the  Agricultural 
Fair  Grounds  (Nos.  50-51),  Hagerstown,  a  short  distance  east  of  Potomac 
Avenue  Station.    Excellent  material  for  the  manufacture  of  cement  also 
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occurs  north  of  and  near  the  junction  of  the  Cumberland  Valley  and  West- 
em  Maryland  Railroads.  Both  of  tliese  locations  have  the  disadvantage, 
however,  of  being  rather  far  removed  from  water  sufficient*  to  supply  a 
cement  plant.  In  order  to  obtain  necessary  water  for  running  a  large 
plant  the  operator  would  be  obliged  to  convey  it  by  pipe  from  a  pumping 
station  located  at  some  convenient  point  on  Antietam  Creek. 

The  chemical  composition  of  the  stone  at  the  latter  locality  is  shown 
in  the  following  analyses: 

Analyses  of  Conococheaquk  Limestone,  Cbossino  C.  V.  R.  R.  and 

W.  Md.  R.  R.,  Haoebstown. 

No.  62.  No.  58.  No.  54.  No.  66.  No.  66. 

SUica  (SiO,)    7.52  16.04  14.33  4.28  5.51 

Alumina   (A1,0,)    3.06  5.27  4.89  .90  1.80 

Iron  oxide  (FeA) 45  1.25  1.65  .86  .33 

Lime  (CaO)   48.92  41.30  42.94  52.29  51.85 

Magnesia   (MgO)    1.76  1.50  2.01  1.52  .32 

Ignition  39.11  33.82  34.89  41.06  41.10 

Total    100.81  99.81         100.71         100.91        100.91 

52.  Average  of  132  feet  below  sample  53. 

53.  Average  of  132  feet  below  sample  54. 

54.  Average  of  132  feet  below  sample  55  beginning  175  feet  N.  Switch 
Tower. 

55.  Average  of  175  feet  beginning  at  Switch  Tower. 

66.  Average  of    75  feet  west  of  Switch  Tower. 

Near  Williamsport  the  juxtaposition  of  limestones  and  shales  sug- 
gests favorable  localities  for  cement  manufacture.  A  sample  of  the 
Beekmantown  limestone  from  a  point  east  of  the  railroad  station  gave, 
on  analysis,  the  following  results: 

Analyses  of  Beekmantown  Limestone,  Wilijamsport. 

No.  67.  No.  68. 

Silica    (SiOJ    6.04  4.46 

Alumina  (AUO.)    1.29  2.13 

Iron  oxide  (Fe^O,)    58  .97 

Lime   (CaO)    49.68  47.55 

Magnesia  (MgO)   2.60  2.73 

Ignition    40.65  41.44 

Total    100.84  99.28 

67.  Sample  taken  630  feet  E.  of  freight  station,  Williamsport. 

68.  Average  of  350  feet  of  limestone,  Cushwa  property  E.  of  station. 
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Within  the  thickness  represented  in  the  sample  on  which  the  analysis 
above  was  made^  individnal  beds  may  occur  too  high  for  use  on  account 
of  their  content  of  magnesia,  but  they  could  be  located  by  closer  analysis 
and  eliminated  in  the  process  of  quarrying. 

The  occurrence  together  of  the  raw  materials  and  the  favorable  situa- 
tion with  respect  to  transportation  by  rail  or  canal  render  this  region 
especially  attractive  and  worthy  of  private  investigation. 

Limestone  high  in  calcium  oxide  and  low  in  magnesia  occurs  in  con- 
tact with  the  "  cement  rock  "  of  the  Chambersburg  formation  at  Pines- 
burg.  Shale  suitable  for  mixing  for  the  manufacture  of  cement  occurs 
within  a  few  hundred  yards,  while  an  abundant  supply  of  water  is 
afforded  by  the  proximity  of  this  locality  to  the  Potomac.  The  lime- 
stone, although  stratigraphically  below  the  purer  upper  portion  of  the 
Stones  River  formation,  contains  beds  high  in  lime  alternating  with  beds 
high  in  magnesia. 

The  principal  operator  at  Pinesburg  is  the  Potomac  Valley  Stone 
and  Lime  Company,  operating  two  quaries,  one  for  stone  to  calcine  in 
its  kilns  and  the  other  for  ballast  and  crushed  stone.  In  the  latter 
quarry  the  stone,  after  it  is  blasted,  is  loaded  into  tram  cars  which  carry 
it  to  the  crusher,  where  it  is  broken  down  into  suitable  sizes.  Most 
of  this  crushed  stone  is  sold  under  contract  to  the  Western  Maryland 
Railroad  and  is  used  by  the  railroad  for  ballast.  The  limestone  used 
in  the  manufacture  of  lime  is  from  the  Stones  River  formation  and 
is  very  pure,  as  sliown  by  the  analysis  ( No.  75 )  below : 

AivALYSEs  OF  Limestone  fbom  Quarry  of  the  Potomac  Vaixey  Stone  and 

Lime  Co.,  Pinesburg. 

No.  76.  No.  76. 

Silica  (SiOa) 80  3.10 

Alumina  (A1,0.)    ^     ^^20  1.70 


:} 


Iron  oxide  (FejOa)    

Lime  (CaO)    53.00  47.25 

Magnesia  (MgO)    2.06  5.72 

Ignition    43.40  43.14 

Total   100.46  100.91 
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Partial  Analyses  of  Stones  River  Limestone,  Pinesbubg. 

No.  77.    No.  78,   No.  79.    No.  80.    No.  81.   No.  82.  No.  88.  No.  84. 

Silica  (SiO,)* 7.10       2.90      7.66       2.28      6.30  5.42  1.12       1.46 

^Alumina  (ALO.)    1 

-»            4^     /^   A  ^            y    -98       1.10       1.04       1.74       1.82  1.60  1.56      1.04 

^ron  oxide  (Fe,0.) J 

Xime  (CaO)    44.44    43.33     40.93     44.26     48.99  45.27  51.70    52.91 

^ifagnesia    (MgO)    5.08      8.49      8.55      7.79      1.81  5.65  .69        .80 

IgniUon    40.25     43.14     41.33     43.09     40.20  41.53  41.09     42.15 

Total 97.85     98.96     99.51     99.16     99.12  99.47  96.16     98.36 

♦  Insol. 

^^     '    '    ^!yi»5> ■^^Tj#i   ,m»   i«i  !■>    t^  I   t>i  iT'T^iy  I    i^i^.    .    .  T   t    I    I   I  I  I  c 
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Fio.  24. — Sketch  showing  location   of  samples  from   McComas-Humrichouse 

farm,  near  Charlton. 

Some  of  the  beds  would  be  satisfactory  for  Portland  cement  were  they 
thick  enough,  while  others  that  are  sufficiently  thick  are  too  high  in 
their  content  of  magnesia.  The  same  is  true  to  a  certain  extent  of  the 
limestone  on  the  McCovias-Humrichouse  farm,  about  1  mile  west  of 
Pinesburg  Station,  where  samples  Nos.  94-115  were  collected.  The 
limestone   on   and   between   tlie   McComas-Humrichouse   farm   and   the 
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Potomac  Valley  Lime  and  Stone  Company  is  overlain  with  a  compara- 
tively thin  covering  of  soil,  and  it  is  not  improbable  that  more  detailed 
investigation  of  this  area  would  lead  to  the  discovery  of  limestone  beds 
suitable  for  Portland  cement,  both  as  regards  quantity  and  quality. 

The  areal  distribution  of  the  samples  analyzed  is  shown  in  Figure  24, 
and  the  results  obtained  are  given  in  the  accompanying  table: 

Analyses  of  Beekmantown  Limestone,  near  Pinesbubo  Station. 

^  SS'         Sw        'Xd^       ^O       ©;::  ^S        "3^^         ♦*  •§.        9SC  is 

go     Si     Ij     p    §1     6?      s|     59.      a      t     il      I 
fij?     x«      5:5     Si^    Is     3^      s5      <^      »?       I     ^7       5 

M  2.88  .28  .28  .04  62.24  2.05  .22  42.08  .08  .06  100.14 

06  6.72  .12  .60  .06  51.28  1.01  .48  40.01  .01  .00  100.24 

06  4.22  1.64  .28  .00  46.70  6.14  .85  4L60  .01  .01  100.04 

07  2.72  .60  .16  .11  53.25  .87  .21  42.10  .08  .04  100.06 
06  10.46  2.84  .72  .12  43.06  6.11  1.14  87.27  .11  .08  OOJS 
00  2.23  1.06  .24  .18  68.10  1.28  .28  41.61  .04  .06  100.04 

100  14.17         8.17         1.00         .14         404B  4.18         1.66         36.87         tr.  .04  100.06 

101  4.61  .15  .64         .16         84.53         15.00  .00         44.07         tr.  .08         100.26 

102  14.57  4.27  .00  .12  80.07  4.46  1.80  84.80  .00  .08  00.78 
108  5.01  1.77  .56  .14  40.56  L48  .74  80.62  .06  .06  00.01 
104  16.20  8.36  .06  .20  30.86  8.44  1.66  84.06  .04  .07  100.04 
106  10.62  1.70  1.12  .14  85.16  10.87  2.86  87.06  .07  .14  100.16 

106  4.66  .84  .36  .16  51.42  .76  1.14  40.68  .04  .06  100.12 

107  8.14  .24  .48  .00  51.04  1.61  .60  41.71  .04  .00  100.03 
106  16.06  4.18  1.28  .06  87.60  6.60  1417  33.80  .06  .17  100.17 
100  14.28  2.06  1.20  .28  43.66  2JB  1.22  86.06  .04  .08  100.07 

110  2.80  .61  .16  .10  68.06  1.17  .86  42.20  .14  .06  100.05 

111  5.66  1.60  .62  .18  60.40  .71  .60  80.86  .10  .10  00.04 
118  3.00  1.26  .82  .11  61.00  .66  .61  40.08  .17  .06  100.07 
114  8.10  1.11  .82  .12  61.91  .86  .67  41.44  .18  .16  00.81 
116  6.76  1.12  .02  —  49.86  .07  LOl  40.80  .12  '.08  100.14 

Cumberland  Valley  Railway, — Gkx)d  material  for  cement  manufacture 
occurs  on  the  Cumberland  Valley  Railway  near  the  bridge  over  the 
Potomac.  The  quality  of  the  limestone  at  this  point  may  be  judged 
by  reference  to  the  following  analyses: 

Analyses  of  Beekmantown  Limestone,  C.  V.  Rt.,  neab  Wiluamspobt. 

No.  125.       No.  136.  No.  127.         No.  128.       No.  120. 

Silica  (SiOJ    6.60  10.80  7.80  4.10  4.00 

Alumina  (Al.Os)  ^     «  «/>  «  ./v  -  -.^  *» -^  

T            *^     /«   Ax  y    2.80  2.40  1.40  3.70  3.80 

Iron  oxide  (Fe,0,)  f 

Lime    (CaO)    49.50  43.60  49.60  60.20  49.80 

Magnesia  (MgO)    1.81  4.13  1.55  1.19  1.41 

Ignition  40.77  38.68  40.56  40.64  40.57 

Total    101.48  99.61         100.91  99.83  99.58 


■N  VALLEY,  WASHINGTIIN   COUNT 
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Shale  and  an  abundant  water  supply  occur  near  at  hand  and  trans- 
portation is  afforded  by  the  Cumberland  Valley  Railway  and  the  Chesa- 
peake and  Ohio  Canal.  The  success  of  a  cement  plant  built  here  would 
depend  largely  on  whether  suitable  arrangements  could  be  made  for 
rates  over  both  the  Cumberland  Valley  and  the  other  railroad  lines  enter- 
ing Hagerstown.    In  many  respects  this  location  is  an  excellent  one. 

Throughout  its  course  through  Maryland  the  Cumberland  Valley 
Railway,  both  north  and  south  of  Hagerstown,  traverses  the  surface  of 
the  Beekmantown  formation  in  which  are  many  beds  of  pure  limestone. 
The  quality  of  the  beds  at  Hagerstown  was  given  in  the  foregoing  dis- 
cussion. Little  has  been  done  in  the  way  of  developing  quarries  along 
this  railroad  because  of  the  lack  of  favorable  quarry  sites  arising  from 
the  interstream  position  of  the  railroad  in  Maryland.  South  of  Wil- 
liamsport,  and  near  Maugansville  are  the  only  points  where  the  line  is 
across  streams  of  any  size  where  the  natural  trenches  offer  facilities  for 
a  water-free  opening  with  any  considerable  quarry-face. 

Norfolk  and  Western  Railway, — Many  excellent  occurrences  of  lime- 
stone are  found  along  the  line  of  the  Norfolk  and  Western  Railway  be- 
tween Hagerstown  and  the  Norfolk  and  Western  bridge  across  the 
Potomac  at  Shepherdstown.  Good  exposure  occur  at  many  intermediate 
points. 

Limestone  beds  outcropping  on  the  hillsides  near  Grimes  and  Mondell 
and  other  small  stations  where  the  overburden  of  soil  is  insignificant 
could  be  quarried  to  great  advantage  and  at  a  minimum  cost.  It  is  sur- 
prising, therefore,  that  there  are  not  more  quarries  along  this  route, 
but  the  fact  remains  that  few  are  in  operation,  and  they  are  small  and 
operated  only  intermittently.  The  chief  objection,  however,  to  cement 
sites  along  the  Norfolk  and  Western  Railway  is  the  distance  from  a 
supply  of  shale,  but  by  employing  the  proper  machinery  for  preparation 
and  mixing  the  material  the  residual  soil  might  be  used  as  a  substitute. 

Baltimore  and  Ohio  Railroad. — ^The  Washington  County  Branch,  in 
passing  from  Hagerstown  to  Weverton,  traverses  diagonally  the  Con- 
ococheague  and  Elbrook  formations,  and  crosses  narrow  bands  of  the 
Waynesboro  and  Tomstown  formations.    It  is  in  a  limestone  area  almost 
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continuously  from  Hagerstown  to  Trego.  From  a  short  distance  north 
of  the  latter  point  to  Weverton  the  country  traversed  consists  of  early 
Cambrian  and  pre-Cambrian  formations.  The  limestones  have  been 
examined  from  Hagerstown  to  their  contact  with  the  underlying  Antietam 
sandstone. 

One  of  the  most  favorable  localities  for  development  is  near  Burtner, 
a  flag  station  on  the  Baltimore  and  Ohio  Railroad,  about  2  miles  south 
of  Breathedsville.  Here  the  limestone  is  well  exposed  in  the  hillside 
on  the  west  of  the  railroad.  Two  samples  were  taken  for  analysis.  The 
first  of  these  (No.  130)  represents  beds  of  limestone  aggregating  100 
feet,  which  occur  at  the  north  end  of  the  cut  near  the  southern  abutments 
of  a  trestle.  The  beds  here  strike  N.  21°  E.  and  dip  53**  E.  The  second 
(No.  131)  represents  a  thickness,  carefully  sampled  foot  by  foot,  of  150 
feet  of  more  or  less  argillaceous  limestone  outcropping  northeast  of  the 
house  on  the  farm  owned  by  Miss  Elizabeth  Poffenberger.  This  outcrop 
is  also  on  the  west  of  the  railroad  not  far  from  the  southern  end  of  the 
cut  represented  by  the  first  sample.  The  analyses  below  show  that  the 
stone  is  fairly  low  in  magnesia: 

Analyses  of  Elbbook  Limestone,  Bubtneb  Station,  2  Miles  S. 

Bbeathedsville. 

No.  130.  No.  181. 

Silica  (SIO,)  8.71  8.36 

Alumina  (A1,0,)    1.89  2.76 

Iron  oxide  (Fe,0,)    32  .90 

Lime  (CaO)    45.37  46.42 

Magnesia  (MgO)    4.67  2.74 

Ignition    39.46  39.39 

Total    100.42  100.57 

A  second  location  apparently  favorable  for  development  is  that  near 
the  bridge  over  the  Antietam  Creek.  About  50  feet  north  of  the  western 
abutment  of  the  bridge  the  railroad  crosses  a  road  and  enters  a  cut 
in  which  the  limestone  beds  are  exposed,  striking  N.  25°  E.  and  dipping 
50°  E.     Sound  rock  is  exposed  for  over  100  feet.    This  is  followed  by 
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an  interval  of  an  equal  distance  where  the  rock  is  too  decayed  or  too 
heavily  covered  for  satisfactory  sampling.  A  second  exposure  of  solid 
rock  not  quite  as  large  as  the  first  succeeds  the  zone  of  decay. 

Analysis  No.  137  represents  a  composite  sample  of  beds  aggregating 
100  feet  in  the  first  solid  portion;  analysis  No.  136  that  of  beds  aggre- 
gating 80  feet  from  the  second  portion. 

Analyses  of  Elbbook  Limestone,  Antietam  Creek,  neab  Keedtsvuxe. 

No.  137.  No.  188. 

Silica  (SiO,)  15.23  21.98 

Alumina  (A1,0,)    9.21  17.34 

Iron  oxide  (Fe,0,)    1-65  2.67 

Lime  (CaO)    26.53  20.20 

Magnesia  (MgO)    11.55  4.61 

Ignition    35.67  30.89 

Total   99.84  97.69 

While  the  four  analyses  given,  especially  the  latter  pair,  are  higher 
in  magnesia  than  desirable,  the  abundance  of  limestones  along  the  Balti- 
more and  Ohio  Railroad  suggest  the  possibility  of  cement  manufacture. 
The  chief  disadvantage  in  locating  a  plant  on  this  road  is  the  scarcity 
of  good  shales.  This  is  not,  however,  as  serious  here  as  on  the  Norfolk 
and  Western  Railway  since  there  is  a  possibility  of  using  the  shales  of 
the  Loudon  formation  which  are  crossed  by  the  Washington  County 
Branch  near  Rohrersville.  Suitable  shale  at  this  horizon  is  unfortunately 
poorly  exposed. 

Aegillaceous  Materials. — The  argillaceous  materials  available  for 
mixture  with  the  purer  limestones  for  Portland  cement  manufacture  occur 
in  three  general  belts.  On  the  east,  lying  near  the  western  base  of  the 
Blue  Ridge,  are  the  shales  of  the  Harpers  formation,  and  in  the  south- 
east comer  of  the  county,  near  Rohrersville,  shales  of  the  Loudon  forma- 
tion. Both  the  Loudon  and  Harpers  shales  are  likely  to  run  too  siliceous 
for  this  purpose,  and  to  be  poorly  situated  for  working.  Occasionally 
these  objections  are  not  serious.  The  following  analyses  represent  an 
occurrence  660  feet  east  of  a  bridge  east  of  Edgemont. 
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Analyses  of  Habpebs  Shale,  Edoemont. 

No.  1.  No.  2. 

Silica  (SiO,)  62.80  60.88 

Alumina  (A1,0,)    20.22  20.90 

Iron  oxide  (Fe,0,)    6.02  6.63 

Lime  (CaO)    1.10  1.00 

Magnesia  (MgO)   2.03  1.81 

Ignition    4.00  3.70 

Across  the  center  of  the  valley  is  a  broad  belt  of  Martinsburg  shale, 
the  most  suitable  source  of  argillaceous  components  of  the  cement  mix- 
ture in  the  county.  Here  the  shales  are  fine-grained,  relatively  free  from 
'^  quartz,"  and  fairly  uniform  in  composition.  The  cliaracter  of  these 
shales  is  well  shown  by  the  following  table  of  analyses  of  shales  from 
the  property  of  the  Security  Cement  and  Lime  Company. 

Analyses  of  Mabtinsbubo  Shale,  Secubpty  Cement  and  Lime  Co.'s 

Pbopebty,  1  Mils  E.  Pinesbubg. 

No.  4.     No.  5.  No.  6.     No.  7.      No.  8.      No.  9. 

Silica   (SiO,)    59.20     62.20     63.91     59.74     59.94     59.56     59.44     59.72 

Alumina  (A1,0,)    \ '^fi  rr  P^'^^    ^^''^^    ^^'^^    ^^•^'^    ^^'^'^    ^^''^^    ^^'^^ 

Iron  oxide    (Fe,0,) ...  J  L  5.23      8.11      3.16      2.61      3.99      2.34       2.88 

Lime  (CaO)    3.16        .36        .00        .73        .64        .84      2.00      1.30 

Magnesia  (MgO)   2.04        .94      1.83      2.43       2.29      2.58      1.87       2.42 

Ignition    7.41      7.73      7.56      7.74      8.94      7.90 

The  location  of  plants  in  the  Hagerstown  Valley  should  have  an  ad- 
vantage in  freight  rates  over  their  nearest  competitors  of  the  Lehigh 
district  of  Pennsylvania  and  elsewhere  outside  of  the  State  about  suflBcient 
to  pay  the  dividends  on  their  preferred  stock.  Hence  it  will  be  seen  that 
limestone  beds  of  the  proper  composition  are  well  worth  searching  for, 
not  only  in  this  part  of  the  State,  but  in  all  other  sections  where  the 
location,  quantity  and  quality  of  the  material  make  it  adapted  for  use 
in  the  manufacture  of  Portland  cement.  The  recent  financial  depression 
has  greatly  restricted  the  building  of  cement  plants  and  has  resulted 
in  an  unprecedented  reduction  in  the  price  of  the  product  of  operating 
plants,  but,  with  the  return  of  better  conditions,  there  has  been  a  slow 
but  gradual  increase  in  the  price  of  Portland  cement  per  barrel,  and 
other  plants  are  being  built  to  supply  and  anticipate  the  ever-increasing 
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demand  that  under  normal  conditions  has  characterized  the  industry 
during  the  past  20  years. 

Security  Cement  and  Lime  Company* 

The  Portland  cement  plant  of  the  Security  Cement  and  Lime  Com- 
pany is  located  at  Security,  a  new  station  on  the  Western  Maryland 
Railroad  about  2  miles  east  of  Hagerstown.  It  was  completed  and  put 
in  operation  with  its  present  capacity  of  800  barrels  a  day  during  the 
summer  of  1908.  The  plant  was  constructed  by  the  Maryland  Portland 
Cement  Company,  which  combined  in  the  fall  of  1909  with  the  Berkeley 
Lime  Company  of  West  Virginia  to  form  the  present  corporation. 
This  new  company  is  now  increasing  the  capacity  of  the  present  plant 
so  that  when  the  enlarged  plant  is  completed  the  daily  capacity  will 
amount  to  about  2400  barrels  a  day. 

The  raw  materials  of  the  Security  Cement  and  Lime  Company  are 
limestone  and  shale.  The  company  owns  131  acres  of  limestone  land 
at  Security,  and  a  shale  quarry  near  Pinesburg,  some  10  miles  distant. 
The  cement  mill  is  located  on  the  limestone  property  and  is  built  on  the 
opposite  side  of  the  railroad  from  the  quarry.  The  latter  is  opened  on 
a  natural  quarry  face  40  to  45  feet  in  height,  situated  on  the  east  bank 
of  Antietam  Creek,  and  about  700  feet  up  the  stream  from  the  site  of 
the  plant.  The  stone  from  the  quarry  is  conveyed  to  the  crusher  in  cars 
traveling  on  a  tram  track  paralleling  the  creek  and  passing  under  the 
bridge  of  the  Western  Maryland  Railroad. 

The  limestone  on  this  property  varies  in  composition  with  different 
beds,  but  is  uniformly  low  in  the  content  of  magnesia.  Excepting  a  few 
thin  beds  in  no  case  has  the  magnesia  been  found  to  exceed  3  per  cent., 
and  it  is  usually  much  below  this,  as  may  be  observed  from  the  table  of 
analyses.  Analyses  31-48  give  the  compbsition  of  the  beds  exposed  along 
the  railroad  track  at  points  31  and  48  of  the  map,  and  of  the  beds  that 
outcrop  between  these  two  points.  Likewise  analyses  16-23  and  24-30 
give  the  composition  of  the  beds  at  these  and  intermediate  points  at  and 

•  Date  furnished  by  J.  S.  Grasty. 
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in  the  vicinity  of  the  quarry.  The  limestones  on  which  these  analyses 
were  made  vary  in  texture  and  composition,  some  being  fine-grained, 
medium,  hard,  and  blue  and  gray  on  fresh  fracture,  weathering  to  a 
light  gray  to  dove  color;  others  being  more  argillaceous  weathering 
to  a  rough  corrugated  and  banded  surface.  Both  varieties  are  members 
of  the  Conococheague  formation. 

Owing  to  the  manner  in  which  the  limestone  has  been  folded  here,  the 
beds  outcropping  on  the  east  side  of  the  property  are  exposed  near  the 
center,  and  again  near  the  western  boundary.    They  strike  N.  10®  to 
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1.  Crusher. 

2.  Drier. 


8.  Grinder. 

4.  Mixing  mill. 


5.  Kilns. 

6.  Driers. 


9.  Clinker  mill. 
10.  Warehouse. 


U.  OoBl  mill. 
12.  Laboratory. 


Fig.  25. — Plan  of  arrangement  of  buildings  of  Security  Cement  and  Lime 

Company,  Security. 


15°  E.,  and  at  the  quarry  dip  70"*  E.  The  axis  of  one  anticline  follows 
the  direction  (N.  10''  to  20°  E.)  of  the  low  ridge  cut  by  the  railroadi 
between  the  station  and  the  bridge,  and  the  other,  parallel  to  the  first, 
crosses  the  railroad  about  600  feet  west  of  where  the  spur  track  to  the 
plant  turns  off  from  the  main  line,  or  about  700  feet  east  of  the  com- 
pany's station. 

Antietam  Creek,  where  it  flows  past  the  quarry,  has  cut  into  the  flank 
of  the  first  of  the  two  anticlines  mentioned  above,  and  as  a  result  has 
produced  the  natural  quarry  face  already  referred  to.    A  synclinal  fold 
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passes,  as  must  be  obvious  from  the  foregoing,  near  the  center  of  the 
property  in  a  direction  N.  10°  to  15°  E.,  and  parallels  the  low  ridge 
northeast  of  the  station. 

The  following  analyses  of  limestones  and  shale  may  be  considered  as 
typical  of  the  composition  of  these  materials  on  this  company's  two 
properties : 

Analyses  of  Raw  Materials  used  by  Security  Cement  and  Lime  Co. 

. Limestones .         » Shale ^ 

24.  28.  6. 

Silica   (SiO,)    7.06  6.04  5.62  62.60  63.91  59.74 

Alumina  (Al A)    1-08  1.96  1.21  21.25  18.73  22.63 

Iron  oxide  (Fe^O,)    1.01  .62  .81  5.23  8.11  3.16 

Lime  (CaO)    49.14  48.88  49.78  .36  none  .73 

Magnesia  (MgO)   1.70  1.74  1.58  .94  1.83  2.43 

Ignition    40.02  39.30  40.96          7.41  7.73 

It  will  be  observed  that  besides  the  constituents  being  properly  pro- 
portioned both  in  the  limestone  and  shale  each  is  very  low  in  magnesia, 
while  the  former  is  quite  high  in  its  content  of  clayey  matter. 

Before  the  limestone  and  shale  properties  were  purchased  large  samples 
of  these  materials  were  procured  and  shipped  to  well-known  commercial 
chemists.  Booth,  Garrett  and  Blair,  of  Philadelphia,  where,  in  their 
laboratory,  it  was  made  into  Portland  cement.  The  product  was  then 
tested,  and  the  results  obtained  were  satisfactory  in  every  particular. 

As  was  shown  in  the  section  on  tiie  calculation  of  cement  mixtures, 
where  two  of  the  above  analyses  were  used,  only  about  1  part  by  weight 
of  shale  is  required  here  for  6  parts  by  weight  of  limestone.  The  amount 
of  shale  entering  the  mixture  is  thus  seen  to  be  relatively  small  because 
of  the  argillaceous  content  of  the  limestone.  This  is  regarded  as  a 
great  advantage  in  view  of  the  fact  that  the  shale  must  be  hauled  from 
a  separate  quarry. 

The  Security  Cement  and  Lime  Company  is  supplied  with  sufficient 
raw  material  to  run  its  plant  with  its  contemplated  capacity  of  2000 
barrels  a  day  for  a  very  long  period  of  years.  Water,  which  is  used  in 
greater  quantity  by  weight  than  any  other  raw  material  in  cement  manu- 
facture, also  exists  in  abundant  supply  on  the  company^s  property. 
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Below  will  be  found  the  analysis  of  the  cement  actually  made  from 
the  raw  materials  whose  composition  was  given  above.  Along  with  the 
analysis  an  average  analysis  of  seven  other  leading  cement  brands  is 
submitted  for  comparison: 

Analyses  of  Pobtland  Cement. 

Analysis  of  Average 

Security  analysis  of 
Cement  7  other 

and  Lime  established 

Co.  brand.  brands. 

Silica  (SiO,)   21.72*  21.86t 

Alumina  (A1,0,)    7.66  7.19 

Iron  oxide  (FeA)    2.50  2.99 

Lime  (CaO)    62.91  62.42 

Magnesia  (MgO)   2.30  2.58 

Sulphur  dioxide  ( SO,)  1.48  1.48 

Total   98.57  98.52 

^  The  analyses  obtained  in  1908  show  higher  content  of  silica  with  cor- 
responding slower  set  and  greater  ultimate  strength.  This  is  due  to  the  use 
of  a  slightly  more  siliceous  limestone  than  that  used  in  the  calculations. 

t  Bull.  No.  331,  U.  S.  Geological  Survey. 

From  the  above  analyses  it  is  evident  that  the  Security  Cement  and 
Lime  Company  is  manufacturing  a  cement  that  is  of  the  same  compo- 
sition as  the  best  brands  and,  therefore,  should,  on  its  merit,  be  abund- 
antly able  to  compete  with  these  in  the  market. 

The  plant  at  Security  is  well  located.  The  cement  markets  of  Wash- 
ington and  Baltimore  are  near  at  hand,  while  five  railroads  center  2 
miles  from  the  plant  at  Hagerstown,  and  reach  large  sections  of  the 
States  of  Pennsylvania,  Maiyland,  Virginia,  and  West  Virginia.  With 
a  plant  having  five  times  the  contemplated  capacity  of  the  one  now 
building,  this  company  would  still  be  unable  to  supply  the  demand 
of  the  market  which  its  strategic  position  ought  to  give  it  and  other 
plants  yet  to  be  erected  in  Maryland. 

In  all  Portland  cement  plants  the  work  of  machines  is  hard  and  con- 
tinuous, and  the  wear  and  tear  of  machinery  is  unusually  high.  This 
is  particularly  true  of  machinery  for  clinker-grinding,  and  it  may  be 
readily  imagined  that  the  grinding  of  a  close-grained  and  compact  lime- 
stone, like  that  at  Security  is  by  no  means  an  easy  mechanical  process. 
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A  most  important  point  in  a  cement  plant,  therefore,  is  to  subdivide  the 
process  as  skilfully  as  possible  so  that  in  case  of  a  stoppage  for  repairs 
or  adjustment  of  machinery  at  any  point,  or  from  any  cause,  the  work- 
ing of  the  plant  as  a  whole  will  be  interfered  with  as  little  as  possible. 
It  is  important  that  the  effect  of  these  minor  repairs  of  adjustments 
should  be  confined  within  narrow  limits.  For  example:  A  belt  may  be 
slipping  and  need  to  be  cut;  a  driving  chain  may  come  oflf  a  sprocket; 
an  elevator  or  conveyor  may  choke  at  some  point;  a  score  of  minor 
diflSculties  like  these  may  occur  from  time  to  time.  If  the  plant  is  so 
constructed  that  such  repairs  or  adjustments  would  stop  not  only  the 
features  in  question  but  make  it  necessary  to  stop  a  considerable  num- 
ber of  other  machines  or  any  considerable  part  of  the  plant,  the  whole 
output  of  the  factory  would  be  curtailed  to  just  that  extent. 

In  designing  the  plant  at  Security,  therefore,  the  purpose  has  been 
to  have  at  every  point  machines  with  ample  capacity,  able  to  do  consid- 
erably more  than  is  regularly  required  of  them.  Then  the  power  has 
been  subdivided  so  that  any  machine  or  group  of  machines  may  be  cut 
out  without  stopping  the  operation  of  any  considerable  amount  of 
adjacent  machinery.  To  supplement  this  and  render  it  practically 
effective,  large  bin  and  storage  facilities  have  been  provided  throughout 
the  plant  so  that  mills  and  kilns  can  continue  in  operation  during  all 
minor  repairs. 

The  plant  has  also  been  designed  so  that  all  machines  which  must 
operate  together  in  carrying  out  any  part  of  the  process  are  driven  from 
the  same  power.  This  feature  has  very  frequently  been  overlooked  in 
cement  plants.  Elevators  are  driven  from  one  line  of  shafting  while  the 
conveyor  delivering  to  them  is  driven  from  another  line  of  shafting. 
If  either  source  of  power  stops  the  conveying  system  is  out  of  com- 
mission. This  is  a  very  common  error,  and  the  essential  cause  for 
lack  of  eflBciency  in  many  plants.  It  is  a  little  more  trouble  to  carry 
power  from  one  building  to  an  adjacent  building  merely  to  reach  an 
elevator,  which  nevertheless  it  is  very  important  to  do,  as  the  stoppage 
of  this  elevator  driven  by  some  other  source  of  power  would  stop  the 
mills  which  preceded  it. 
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In  first  cost,  and  also  in  operating  cost,  while  running,  the  plant  at 
Security,  which  is  at  present  a  comparatively  small  unit,  would,  no 
doubt,  be  most  economically  served  by  one  large  Corliss  engine.  But 
if  this  engine  had  to  stop  for  all  minor  repairs  and  the  whole  plant 
stopped  with  the  engine,  it  would  be  a  most  expensive  installation  by  rea- 
son of  loss  of  output  and  efficiency  in  the  plant  as  a  whole.  Hence,  for 
the  purpose  of  differentiating  the  power  and  keeping  all  parts  of  the 
plant  in  operation  continuously,  and  as  far  as  possible  independently  of 
any  localized  delays  or  repairs,  the  Security  plant  has  six  engines  and 
ten  electric  motors,  connected  up  so  that  the  particular  processes  which 
each  has  to  deal  with  are  not  only  independent  of  other  processes  but 
will  be  completely  carried  out  from  one  source  of  power.  In  its  other 
features  it  has  the  best  machinery  available  on  the  market  for  the  pur- 
poses in  view,  and  as  a  complete  plant  unit  it  should  have  an  unusual 
output.  The  general  plans  are  for  a  plant  having  a  capacity  of  2500 
barrels  per  day.  The  present  installation  is  for  800  barrels  per  day, 
everything  being  placed  in  position  for  the  larger  unit. 

The  raw  materials  are  mixed  by  weight  as  they  come  from  the  quarry, 
and  this  mixture  of  raw  materials  passes  through  the  first  process  of  re- 
duction, which  is  a  gyratory  crusher.  The  raw  material  is  then  dried 
and  afterwards  ground  by  gradual  reduction  through  suitable  machines. 
There  are  large  storage  tanks  between  the  crusher  and  the  dryer  and  be- 
tween the  dryer  and  the  rock  mill.  Moreover,  there  are  large  storage 
bins  in  the  mills  and  in  the  kiln  building.  The  kilns  are  7  feet  in  diameter 
and  within  a  few  inches  of  100  feet  in  length,  each  with  a  working  capac- 
ity of  about  400  barrels  per  day.  Each  kiln  is  supplied  with  a  clinker 
cooler.  There  are  also  large  storage  tanks  for  clinker  between  the 
clinker  coolers  and  the  cement  mill,  and  in  connection  with  the  latter 
bin  capacity  is  provided  of  ample  proportions. 

The  stock  house  has  a  cellular  system  of  bins  for  storage  and  sampling 
of  different  lots  of  cement. 

The  company  has  two  long  trestles  affording  ample  storage  and  cheap 
handling  for  coal,  both  for  boiler  and  kiln  purposes,  and  also  for  shale. 
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Natural  Cement  Operations. 

Natural  cement  was  formerly  made  in  Washington  County  by  the 
Potomac  Cement  Company,  of  Antietam,  Maryland,  and  when  men- 
tioned, the  mill  or  company,  as  the  case  may  be,  is  usually  referred  to  as 
the  Antietam  Cement  Plant  or  Company.  The  mill,  however,  is  not  sit- 
uated at  the  town  of  Antietam  or  on  Antietam  Creek,  but  on  the  Chesa- 
peake and  Ohio  Canal  &  mile  or  more  down  stream  from  the  bridge 
spanning  the  Potomac  at  Shepherdstown,  West  Virginia.  The  plant  was 
started  in  1888  by  William  H.  Blackford  and  some  Baltimore  capitalists. 
It  was  built  with  a  capacity  of  300  barrels  per  day,  but  the  average  output 
according  to  available  reports  was  about  200  barrels.  Later  the  plant 
and  property  were  sold  to  Washington  parties,  who  now  own  them. 
They  ceased  operations  in  1903.  It  is  understood  that  it  was  never  a 
financial  success.  At  present  the  plant  is  in  a  very  dilapidated  condition, 
the  retaining  walls  of  the  kilns  having  fallen  away  on  one  side. 

Analyses  of  Limestone  fob  Natural  Cement,  Shephebostown,  W.  Va. 

12  8 

Rock  used.  Green  Rock.  f^^'Sl 

Silica  (SiO,)    15.89            43.67  17.84 

Alumina  ( AlA)  5.58            11.55  4.60 

,^    /(Fe^O,)    74  .38  1.70 

Iron  oxide-^ 


■{: 


(FeO)    1.00  2.91 

Lime  carbonate  (CaCO,)   52.74  16.73  58.25 

Magnesium  carbonate  (liIgGOs) . .  19.06  21.99  11.16 

Alkalies  (Na,0  +  K,0)  4.92  2.61  3.26 

Sulphur  (SO.) 31  0.00  .74 

Phosphorus  (P,0,) 12  .19             

Titanium   (TiO,)    .48 

From  the  site  of  this  mill  may  be  seen,  across  the  Potomac  on  the 
West  Virginia  side,  the  old  mill  of  the  Shepherdstown  Cement  Company, 
which  is  located  about  1  mile  east  of  Shepherdstown.  The  latter  has  not 
been  in  operation  since  1900.  Both  mills  based  their  operation  on  the 
use  of  an  argillaceous  and  highly  magnesian  limestone  having  at  both 
places  about  the  same  range  in  chemical  composition.  The  above 
analysis  made  by  the  West  Virginia  Geological  Survey  is  fairly  indica- 
tive of  the  composition  of  the  same  beds  of  Cambro-Ordovician  limestone 
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burned  by  the  Maryland  plant  operating  on  beds  of  similar  material  that 
strike  across  the  river  and  formerly  were  worked  where  the  samples  whose 
analyses  are  submitted  above  were  taken. 

The  "green  rock/*  whose  composition  is  given  in  analysis  No.  2,  is 
so  called  by  the  quarrymen  because  of  its  characteristic  color.  Ac- 
cording to  Grimsley  *  it  burns  to  a  hard  clinker  and  is  not  used  on  this 
account.     Analysis  No.  3  above  is  quoted  from  Gillmore  f  by  Grimsley. 

The  Maryland  mill  and  the  West  Virginia  plant  across  the  river  pro- 
duced cement  of  practically  the  same  composition.  The  following  analy- 
sis will,  therefore,  suffice  to  show  about  the  average  composition  of  both. 

Analysis  of  Natural  Cement,  Antietam.* 

Per  cent. 
Silica  (SiO,)    26.65 

Alumina   ( AlA)    12.38 

Iron  oxide  (FejO,)   2.14 

Lime   (CaO)    33.20 

Magnesia   (MgO)    12.56 

•  Mineral  Industry,  Vol.  VI,  p.  96. 

The  limestone  is  well  exposed  on  both  sides  of  the  river.  On  the  West 
Virginia  side  it  rises  to  an  elevation  of  about  125  feet,  is  little  covered 
by  residual  soil,  and  could  again  be  worked  at  moderate  cost  by  the 
methods  of  quarrying  by  open  cut,  as  was  done  on  both  sides  of  the 
river  when  these  two  cement  mills  were  in  operation.  It  is  exposed 
for  over  a  mile  with  beds  of  varying  composition.  The  impurer  beds 
of  limestone  are  too  high  in  magnesia  to  be  used  for  Portland  cement, 
but  they  could  be  neglected,  while  the  purer  beds  might  be  worked  to 
advantage.  The  residual  soils  a  little  distance  back  from  the  river  could 
be  obtained  and  employed  to  supply  the  argillaceous  portion  of  the  mix- 
ture, or  Martinsburg  shale  might  be  had  by  a  shipment  of  a  distance  of 
12  miles  by  canal  or  Harpers  shale  on  the  Maryland  side  by  shipping 
about  a  third  as  far.  Suitable  coal  could  doubtless  be  obtained  at  re- 
duced cost  by  shipment  by  canal,  which  would  furnish  transportation  by 
water  to  Washington  for  the  finished  product,  and  the  facilities  afforded 

♦  Grimsley,  G.  P.    W.  Va.  Geological  Survey,  Vol.  Ill,  p.  500. 
t  Limes,  Hydraulic  Cements  and  Mortars,  1872. 
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by  the  Norfolk  and  Western  less  than  a  mile  away  for  rail  transporta- 
tion oould  also  be  utilized.  To  those  interested  in  locating  sites  for 
Portland  cement  plants  further  investigation  of  the  materials  occurring 
in  this  vicinity  might  prove  to  be  well  worth  both  the  expense  and 
time  spent. 

WESTERN    WASHINGTON    COUNTY. 

Geology. 

The  calcareous  materials  of  the  western  part  of  Washington  County 
are  obtained  from  two  formations,  namely,  the  Cayuga  and  the  Helder- 
berg.  The  points  where  they  may  be  worked  at  present,  on  other  than 
a  very  small  scale  because  of  absence  of  transportation  facilities,  are 
confined  to  the  outcrops  on  or  near  the  Western  Maryland  Railroad. 
The  younger  of  these  two  limestone  formations,  the  Helderberg,  is  over- 
lain by  great  masses  of  Devonian  shale.  The  order  of  succession  of 
these  formations  from  top  to  bottom  is 

Devonian  shale, 

Helderberg  limestone, 

Cayuga  limestone. 

As  the  result  of  the  movements  which  occurred  at  the  close  of  the 
Carboniferous  age,  these  formations  and  those  that  occupy  positions  either 
stratigraphically  above  or  below  them,  were  uplifted  and  folded  into 
broad  synclines  and  anticlines  slightly  overturned  westward.  Minor 
flexures  are  superposed  upon  these  folds,  resulting  in  the  characteristic 
"Appalachian  structure.^'  The  folds  cross  the  State  in  a  northeast- 
southwest  direction,  as  may  be  seen  from  the  geological  map  of  the  State. 

Calcareous  Materials. — The  Cayuga  formation  is  Silurian  in  age 
and  lies  between  the  older  Niagara  formation  and  the  younger  Helder- 
berg. In  Washington  County  it  occurs  in  several  areas  from  North 
Mountain  westward,  but  has  only  been  worked  west  of  Hancock  where 
certain  of  its  beds  have  been  mined  and  manufactured  into  natural 
cement.    It  may  be  divided  into  the  following  lithological  units: 

Thin-bedded  and  massive  limestones  at  the  top. 

Shaly  limestones  and  greenish  shale. 
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Analysis  1,  Heldebbebo  Limestone,  "  Cement  Rock/'  Tonoloway  ob  Dam 

No.  6. 

No.  122. 
Silica  (SIO,)    21.72 

Alumina  ( AlA)  6-88 

Iron  oxide  (Fe,0,)   1  85 

Lime  (CaO)   36.91 

Magnesia  (MgO)    2.10 

Ignition 30.91 

Total 99.37 

A  sample  of  the  black  carbonaceous  Romney  shale  representing  214 
feet  of  material  from  beds  dipping  80®  W.  was  taken  between  the  points 
198  feet  and  412  feet  west  of  the  west  abutment  of  the  bridge  of  the 
Western  Maryland  Railroad  across  Tonoloway  Creek.  The  analysis 
follows  below : 

Pabtial  Analysis  of  Romney  Shale,  Tonoloway  Cbeek. 

No.  16. 
Silica  (SiO,)    68.03 

Alumina  (A1,0,)    14-65 

Iron  oxide   (Fe,0,)    6.17 

Lime  (CaO)  1.28 

Magnesia  (MgO) 50 

Ignition 4.24 

Total    ~  94.87 

The  Jennings  formation  outcrops  west  of  Tonoloway  Creek  in  con- 
tact with  the  underlying  Romney.  A  sample  was  selected  which  con- 
sisted of  olive-green  and  gray  shales  possessing  rather  marked  jSssility, 
but  breaking  into  fragments  with  rough,  hackly  edges.  It  included 
66  feet  of  material  between  the  distances  1158  and  1224  feet  west  of 
Tonoloway  Creek.  The  following  is  the  analysis  which,  like  that  of  the 
Bomney  given  above,  shows  a  composition  satisfactory  for  mixing  with 
limestone  in  the  manufacture  of  Portland  cement: 

Analysis  of  Jennings  Shale,  Tonoloway. 

No.  18. 

Silica  (SIO,)    65.65 

Alumina  (AlA)  18.70 

Iron  oxide  (FejO.)  5.91 

Lime  (CaO)   65 

Magnesia  (MgO)    1.41 

Ignition  5.16 

Total 97.48 
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ington  County  on  the  Western  Maryland  Railroad,  west  of  North  Moun- 
tain, west  of  Hancock  and  east  of  Dam  No.  6  on  the  Potomac  These 
points  of  outcrop  are  shown  on  the  accompanying  map. 

The  Helderberg  consists  of  about  260  feet  of  beds  of  pure  magneaian 
and  argillaceous  limestones,  together  with  cherty  limestone  strata  and 
a  few  beds  of  shale.  Three  divisions  are  recognized,  known  as  the  CJoey- 
mans.  New  Scotland,  and  Becraft  members. 

The  Coeymans  consists  of  heavy-bedded  limestones  usually  very  foft- 
siliferous  and  with  some  cherty  beds  near  its  base.  Among  its  fossils 
are  very  large  Stromatopora,  which  weather  into  curly,  nodular  masses. 
The  thickness  of  this  member,  which  is  the  lowest  one  of  the  three,  is 
about  110  feet. 

The  New  Scotland  or  middle  member  of  the  Helderberg  consists  of 
massive  beds  of  gray  limestone  with  bands  and  stringers  of  chert.  In 
some  localities  these  massive  beds  of  limestone  become  shaly  and  argil- 
laceous owing  to  differences  in  the  conditions  of  deposition  under  which 
they  were  originally  formed.  The  thickness  of  this  member  is  about 
60  feet. 

The  Becraft,  which  is  the  top  member  of  the  Helderberg,  consists  of 
blue  to  gray  limestones.  Some  of  the  beds  toward  the  top  are  extremely 
cherty.  The  longer  direction  of  the  chert  nodules,  which  vary  in  size, 
are  arranged  in  parallel  direction  and  occur  as  continuous  and  broken 
bands  or  ridges  parallel  to  the  bedding.  Their  greater  resistance  to 
erosion  than  the  limestone  in  which  they  are  imbedded  results  in  their 
standing  out  against  the  limestone  surface  in  parallel  and  more  or  less 
'  broken  ridges. 

Argillaceous  Materials. — ^The  argillaceous  materials  of  the  western 
part  of  Washington  County  suitable  for  use  in  Portland  cement  mix- 
tures are  obtainable  chiefly  from  the  shales  of  Devonian  age  which  overlie 
the  calcareous  materials.  The  shales  are  found  in  the  following  forma- 
tions : 


Jennings 


Chemung. 
Portage. 
i  Genesee. 

Romney fHamllton. 

I  Marcellus. 


I'lEWS  OF   NATURAL  CK.MKN'T  OPERATIONS,   WESTERN    WASHINGTON   COUNTY, 
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Romney  Formation. — ^The  Romney  formation  overlies  the  Helderberg 
and  occupies  the  middle  section  of  the  Devonian.  It  ranges  from  1600 
feet  in  thickness  in  Washington  County  to  500  and  600  feet  beyond 
Wills  Mountain,  near  Cumberland.  This  formation  is  divided  into 
two  members,  the  Marcellus  member  and  the  Hamilton  member. 

The  Marcellus  is  the  lower  member  of  the  Eomney;  in  thickness  it 
is  about  one-third  that  of  the  Eomney.  It  consists  of  thin,  black,  papery, 
carbonaceous  shales  possessing  marked  fissility  and  easily  crumpled  be- 
tween the  fingers.  Occasional  thin  beds  of  limestone  occur  in  the  higher 
portions  of  the  formation  some  distance  above  its  base.  The  Marcellus 
is  easily  eroded,  and  hence  occupies  the  valleys  and  sides  of  valleys 
wherever  it  occurs  in  Maryland. 

The  Hamilton  is  the  upper  and  thicker  of  the  two  members  of  the 
Eomney.  Its  thickness  is  about  two-thirds  that  of  the  entire  Eomney 
formation.  It  consists  of  green  to  greenish-black  or  brown  shales  and 
sandstones.  Two  heavy  sandstone  beds  occur  in  it,  one  of  which  is 
found  near  the  middle  of  the  Hamilton.  They  stand  out  from  the  softer 
material  and  form  noticeable  topographic  features.  The  Hamilton 
shales  are  inclined  to  be  arenaceous.  On  weathering  their  dark  color 
is  lost  and  they  become  yellow  and  brown.  This  is  particularly  true  of 
the  upper  part  of  this  division,  where  the  shales  are  also  characterized 
by  their  tendency  to  break  into  irregular  fragments.  The  lower  part  of 
the  formation  is  difficult  to  distinguish  from  the  upper  section  of  the 
Marcellus,  from  which  it  is  separated,  on  evidence  furnished  by  fossils 
rather  than  by  lithological  differences. 

The  Upper  Devonian  comprises  two  divisions,  the  Jennings  and  the 
Hampshire  formations,  respectively.  The  former  includes  4000  feet 
from  bottom  up,  and  the  latter  the  next  succeeding  2000  feet. 

Jennings  Formation. — ^The  Jennings  formation  is  divided  into  three 
members.    The  order  of  superposition  from  top  to  bottom  is  as  follows: 

Chemung. 

Portage. 

Genesee. 

The  Oenesee  consists  of  black  fissile,  argillaceous  shales  that  weather 

to  flat,  dark  plates  and  exhibit  marked  jointing  like  that  seen  in  the 


434  The  Limestones  of  Mabylakd 

Bame  formation  in  New  York.  This  formation  is  absent  in  Washington 
County,  but  occurs  further  west  in  Allegany  at  the  base  of  the  Jennings. 

The  Portage  is  the  middle  member  of  the  Jennings.  It  is  composed 
of  alternating  shales  and  thinner  sandstones  and  conglomerates  inter- 
bedded  with  shales  in  the  upper  portion.  The  shales  toward  the  base 
are  usually  argillaceous  and  fissile,  becoming  at  higher  horizons  more 
arenaceous  or  sandy  and  olive-green  in  color.  They  weather  into  thin, 
flat  plates,  easily  distinguished  from  the  softer  and  hackly  fractured 
fragments  of  the  underlying  Komney.  The  Portage  is  about  2000  feet 
thick  and  is  connected  by  beds  of  passage  with  the  overlying  Chemung 
member. 

The  Chemung  member  of  the  Jennings  formation  overlies  the  Portage 
and  occurs  immediately  below  the  Hampshire  formation.  It  consists  of 
sandstone,  conglomerates  and  arenaceous  shales.  It  contains  several 
beds  of  conglomerates.  The  resistant  character  of  these  conglomerates 
results  in  their  standing  out  as  more  or  less  prominent  topographic 
forms.    The  thickness  of  the  Chemung  ranges  from  1700  to  1800  feet. 

Distribution  of  Lime  and  Cem^ent  Materials  in  Western  Washington 

County. 

The  total  thickness  of  the  limestone  formations  in  the  western  part 
of  Washington  County  is  nearly  1400  feet,  while  that  of  the  shale  reaches 
the  enormous  total  of  over  a  mile.  Most  of  the  calcareous  material, 
however,  is  unsuited  for  making  either  lime  or  cement,  though  the 
greater  part  of  the  shale  is  of  a  composition  such  that  with  suitable  de- 
posits of  limestone  it  could  be  readily  utilized  in  a  mixture  for  the 
manufacture  of  Portland  cement.  The  only  places  in  the  western  part 
of  Washington  County  worth  considering  as  locations  for  lime  kilns  to 
supply  other  than  a  local  demand,  or  for  cement  plants,  is  where  lime- 
stone in  the  former  case  and  limestone  and  shale  in  the  latter  case  out- 
crop along  the  Western  Maryland  Eailroad,  the  only  transportation  route 
in  this  part  of  the  county.  The  following  are  the  several  points  that 
have  been  examined,  the  Cajruga,  at  Hancock  and  near  the  works  of  the 
Round  Top  Natural  Cement  Company,  and  some  of  the  calcareous  and 
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argillaceous  material  at  Tonoloway  Station  on  the  Western  Maryland 
Railroads,  across  the  river  from  Great  Cacapon,  West  Virginia. 

Hanoook  District. — The  upper  part  of  the  Cayuga  is  quarried  just 
beyond  the  western  limits  of  Hancock,  on  the  Warfordsburg  Road,  at 
locality  No.  116  of  the  map.  The  small  quarry  sampled  at  this  point 
is  known  as  the  Whitmeyer-Bridges  Quarry.  On  fresh  fracture  the  lime- 
stone exposed  here  is  blue,  weathering  to  a  dove-gray  color  on  the  surface. 
Shaly  limestone  overlies  and  underlies  the  50  feet  of  blue-gray  massive 
limestone  represented  in  the  sample.  This  quarry  is  opened  on  the 
east  side  of  the  road  going  north.  An  analysis  of  the  sample  selected 
by  the  writers  gave  the  following: 

Analysis  of  Catuoa  Limestone,  Whitmsyeb-Bbidqes  Quabbt,  Hancock. 

No.  118. 

Silica  (SIO,)    5.65 

Alumina   ( AlA)    2.57 

Iron  oxide  (F©,0,) 68 

Lime  (CaO)  50.48 

Magnesia  (MgO)    76 

Ignition 40.17 

Total    100.41 

The  composition  of  this  material,  as  shown  by  the  above  analysis, 
indicates  that  it  would  be  suitable  to  manufacture  with  shale  into  Port- 
land cement.    At  present  it  is  burned  into  lime. 

A  great  thickness  of  Cayuga  limestone  is  exposed  both  to  the  east  and 
west,  especially  in  the  latter  direction,  from  the  closed  plant  of  the  Eound 
Top  Natural  Cement  Company.  When  this  company  was  working,  ma- 
terial was  obtained  by  mining  the  four  natural  cement  beds  west  of  the 
plant.  A  sample  was  taken  of  the  second  bed  west  of  the  plant.  This 
bed,  which  is  a  blue,  argillaceous  limestone,  has  a  thickness  of  12  feet. 
If  other  material  of  sufficient  quantity  and  of  the  same  composition 
could  be  found  here,  which  is  not  at  all  improbable,  it  might  result  in 
the  conversion  of  the  abandoned  works  into  a  plant  manufacturing  Port- 
land cement,  since  the  analysis  that  follows  shows  that  the  material  col- 
lected is  a  "  cement  rock  "  closely  analogous  in  composition  to  those  of 
Trenton  age  of  the  Lehigh  district. 
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Analysis  of  Catuoa  Limestone,  Second  Cement  Bed,  Round  Top  Natubal 

Cement  Co.,  Hancock. 

(No.  121.) 
SlUca  (SiO,)    20.16 

Alumina   ( AI3O.)    6.34 

Iron  oxide  (PeA)  1-36 

Lime  (CaO)  38.56 

Magnesia  (MgO)    2.07 

Ignition  31.74 

Total    100.23 

This  cement  rock,  if  a  more  detailed  investigation  should  disclose 
it  to  be  in  greater  quantity  than  it  was  found  in  the  preliminary  ex- 
amination, might  be  used  to  make  a  suitable  Portland  cement  mixture 
with  limestone  of  the  upper  part  of  the  Cayuga  having  the  composition 
given  above.    Very  little,  however,  of  the  latter  would  be  required. 

The  works  of  the  Round  Top  Natural  Cement  Company  are  situated 
between  the  railroad  and  canal.  The  plant  was  destroyed  by  fire  in  1903, 
but  was  again  rebuilt,  with  a  capacity  of  about  300  barrels  a  day.  The 
first  cement  in  this  district  was  made  at  this  point  in  1837. 

ToNOLOWAY  District. — Samples  of  Helderberg  limestone  and  De- 
vonian shale  were  taken  at  Tonolowav  Station,  which  is  at  Dam  No.  6 
of  the  Potomac.  Analysis  shows  that  all  of  the  material  sampled  there 
would  be  suitable  to  enter  into  a  Portland  cement  mixture.  The  point 
where  these  samples  were  taken  is  indicated  by  the  numerals  122  on  the 
accompan3ring  map. 

Sample  No.  122  represents  198.5  feet  of  Helderberg  limestone.  It 
includes  the  massive  and  highly  fossiliferous  crinoidal  beds  of  the  Helder- 
berg and  the  adjoining  24  feet  of  the  Cayuga.  The  beds  dip  50**  W. 
and  strike  N.  25°  E.  Sampling  was  begun  496  feet  east  of  the  railroad 
watch-house,  which  is  25  to  30  feet  from  Lock  House  No.  6,  and  in- 
cludes the  limestone  between  this  point  and  a  point  198i^  feet  farther 
west.  The  analysis  below  shows  that  this  material  is  truly  a  "cement 
rock  "  which  could  be  burned  into  Portland  cement  with  the  admixture 
of  a  very  small  quantity  of  pure  limestone.  A  second  analysis  made  on 
a  sample  taken  from  the  upper  part  of  the  Helderberg  indicates  that 
this  part  of  the  formation  is  high  in  magnesia. 
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summary  and  statistics  for  washington  county. 

The  limestones  of  Washington  County  are  most  abundantly  developed 
in  the  Hagerstown  Valley  where  they  have  been  worked  especially  along 
the  Western  Maryland  Eailroad,  the  largest  operations  being  at  Cave- 
town,  Hagerstown,  Halfway,  and  Pinesburg.  Other  quarries  and  numer- 
ous kilns  are  found  scattered  over  the  valley. 

The  exposures  of  satisfactory  limestones  are  frequent  in  the  western 
portion  of  the  county,  but  few  of  them  are  capable  of  commercial  de- 
velopment on  account  of  their  present  inaccessibility.  Where  the  various 
limestone  strata  cross  the  lines  of  the  Western  Maryland  Railroad  and 
the  Chesapeake  and  Ohio  Canal  these  deposits  are  acces8i])le  and  offer 
many  opportunities  for  tlie  development  of  cement,  lime,  and  stone 
industries. 

Washington  County  ranks  first  in  the  production  of  limestone  for 
ballast,  road-metal,  concrete,  etc.,  due  to  the  large  railway  mileage  and 
demand  for  crushed  stone  in  railroad  construction  and  maintenance. 
In  spite  of  the  fact  that  the  county  contains  a  great  abundance  of  lime- 
stone in  areas  traversed  by  several  railroads,  it  ranks  third  in  the  pro- 
duction of  lime.  One  of  the  reasons  whv  the  amount  of  lime  made  in 
Washington  County  is  small  in  proportion  to  the  available  raw  material 
is  because  the  average  quantity  of  lime  used  for  agricultural  purposes 
is  less  per  acre  of  area  than  it  is  in  any  of  the  other  four  principal 
lime-producing  counties  in  the  State,  with  the  exception  of  Allegany. 
Moreover,  its  distance  from  Baltimore  and  Washington,  the  two  leading 
markets  for  building  lime,  prohibits  the  Washington  County  lime  opera- 
tors from  entering  into  strong  competition  with  the  producers  who  are 
located  nearer  tliese  two  markets. 

The  inception  of  a  new  industry — that  of  manufacturing  Portland 
cement — at  Security  has  aroused  renewed  interest  in  the  resources  of  the 
region.  With  the  promised  success  of  this  plant,  and  others  which  may 
follow,  the  value  of  tlie  annual  production  of  cement  will  greatly  exceed 
that  of  any  other  forms  in  which  the  limestones  are  used.  At  present 
the  annual  production  of  lime  is  valued  at  $*^0,000,  and  the  crushed 
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while  the  less  sandy  parts  between  occur  as  furrows.    This  corrugated 
weathering  is  shown  in  Plate  XXV,  Fig.  1. 

The  Greenbrier  limestone  crosses  transportation  routes  in  Allegany 
County  at  but  three  points.  The  first  of  these  is  IJ  miles  east  of 
BarrellsviUe,  on  the  Cumberland  and  Pennsylvania  Eailroad;  the  second 
is  3  miles  east  of  Eckhart  Mines,  on  the  same  road  as  the  above,  which 
is  paralleled  at  this  point  and  further  east  by  the  Greorges  Creek  and 
Cumberland  Railroad ;  the  third  is  about  2  miles  east  of  Westernport. 

Shales. 

The  most  important  of  the  argillaceous  materials  of  Allegany  County 
are  of  Devonian  age.  These  occur  widely  distributed  and  closely  asso- 
ciated with  the  Helderberg  and  Cayuga  limestones,  as  shown  on  the 
geological  map  of  the  State.  In  general,  the  chemical  composition  of 
these  shales  is  such  as  to  make  it  quite  an  easy  matter  to  locate  deposits 
suitable  for  Portland  cement  manufacture. 

The  fact  that  the  base  of  the  Romney  formation  is  separated  strati- 
graphically  from  the  Helderberg  by  a  thickness  of  only  about  350  feet 
of  Oriskany  sandstone,  while  the  latter  rests,  in  turn,  on  the  Cayuga 
formation,  assures  the  economic  assembling  of  limestone  and  shale  at 
a  Portland  cement  plant  built  at  some  convenient  point  on  or  between 
these  calcareous  and  argillaceous  formations. 

The  Devonian  shales  of  Allegany  County  differ  in  no  essential  respects 
either  as  regards  chemical  composition  or  physical  characteristics  from 
the  shales  of  the  same  age  already  described  as  occurring  in  Washington 
County.  In  both  counties,  but  particularly  in  Allegany,  they  attain 
an  enormous  thickness  and  cover  much  larger  areas  than  any  of  the 
other  formations  that  are  found  intimately  associated  with  them. 

DISTRIBUTION  OF   LIME  AND  CEMENT  MATERIALS  OF  ALLEGANY   COUNTY. 

Cayuga  and  Helderberg  Limestones, 

CORRIOANVILLE. — Northeast  of  Corriganville  the  Pennsylvania  Rail- 
road passes  through  the  gap  made  by  Wills  Creek  in  the  high  ridge  that 
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limestone  called  the  "  Devil's  Backbone "  is  Helderberg  in  age.  Its 
position  in  the  formation  is  indicated  in  the  following  measured  section, 
which  gives  the  succession  of  beds  from  the  topmost  down.  The  contact 
of  the  Helderberg  in  the  "  DeviPs  Backbone  "  ridge  with  the  Oriskany 
sandstone  on  the  west,  is  just  back  of  the  section  house. 

Beginning  with  the  bed  of  the  Helderberg  in  contact  with  the  Oriskany 
the  first  64  fe^t  in  the  section  quoted  below  are  assigned  to  the  New 
Scotland,  or  middle  member  of  the  Helderberg,  the  Becraft,  or  the 
upper  member,  being  absent  at  this  point.  The  lower  110  feet  are 
referred  to  the  Coeymans. 

Heldebbebo  Limestone  Section  at  Devil's  Backbone. 

NEW  SCOTLAND. 

Thickness 
feet. 

(a)  Soft  and  bluish  argillaceous  shales  with  some  indurated  layers. 
Occasional  manganese  phosphatic  nodules 20 

(b)  Massive-gray  limestone  with  bands  of  chert  becoming  thin- 
bedded  above  and  containing  beds  of  shales 44 

COETMANS. 

(c)  Massive  regularly  bedded  blue-gray  limestone.    (The  sharp  ridge 

of  the  "  Devil's  Backbone.")     (Analysis  No.  5%) 16 

(d)  Thin  bed  of  shaly  limestone 1^ 

(e)  Massive   regularly  bedded,  blue-gray   to   dove-colored   non-fos- 
siliferous  limestone.    (Analysis  No.  5) 22 

(f)  Heavy-bedded  gray  nodular  limestone  filled  with  stromatopora 
known  as  the  "  first  stromatopora  bed."     (Analysis  No.  4) 1%* 

(g)  Heavy-bedded    blue    limestone    almost    without    stromatopora. 
(Analysis  No.  3) 25 

(h)  "  Second  stromatopora  bed "  abounding  in  a  few  species  of 

corals    9 

(i)  Thin-bedded  nodular  limestone  with  occasional  stromatopura, , ,  10 
(j)  Heavy-bedded   grayish   limestone   with   layers   of   chert   more 
prominent  above  than  below.    Fossils  are  rare.     (Analysis  No.  2) 32^ 

All  of  the  Coeymans,  the  lower  member  of  the  Helderberg  section 
at  the  "Devil's  Backbone,"  was  sampled,  as  stated  in  the  foregoing, 
with  the  exception  of  the  19  feet  above  the  32  feet  of  heavy-bedded, 
grayish  limestone  at  the  base  of  the  formation.  One  reason  why  this  19 
feet  was  not  sampled  was  because  of  the  close  lithological  similarity  of 
most  of  it  to  the  first  Stromatopora  bed.    The  analysis  of  the  latter  may. 
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stone  at  from  $66,000  to  $100,000,  depending  upon  the  demand  for 
material  in  railroad  and  highway  construction. 

The  list  that  follows  below  gives  the  names  of  the  large  as  well  as  the 
small  lime  and  limestone  producers  operating  within  the  limits  of 
Washington  County: 

LIME  AND  LIMESTONE  OPERATORS  IN  WASHINGTON  COUNTY. 

OPERATOR.  OFFICB.  QUARRT. 

Angle,  S.  P Hagerstown    Hagentown. 

Besore,  Geo.  N Smlthsbarg   Smlthsburg. 

Beverly  Granite  Co Beverly,  S.  C Halfway. 

Brown    and    Bachtell Smlthsburg Edgemont. 

Clarkson  Brothers Hagerstown    Hagerstown. 

Creeger,  J.  Wesley Thnrmont    Thnrmont 

Hagerstown  City  Quarry Hagerstown    Hagerstown. 

Hagerstown    Macadam    Co "  •* 

Horst,  D.  B Maugansvllle    •• 

Hose,  Geo.  W Clear  Spring Dry  Bun. 

Keedy,   D.   D Keedysrllle   Rohrersvllle. 

Little,  Frank  P Hancock    Hancock. 

McKee,  James  F Clear  Spring Clear  Spring. 

Md.  Ala.  Marble  Co New    York    Benevola. 

The  Md.  Quarry  Co WllUamsport     WllUamsport. 

Miner,  George  F Smlthsburg   Kdgemont. 

Moser,  Joseph  F Thnrmont    Thurmont. 

Nutter,  Daniel  R Maugansvllle    Maugansrllle. 

Potomac  Valley  Stone  Co Hagerstown    Plnesburg. 

Rines,  L.  C Bakles  Mills Boonsboro. 

Rohrer  Bros Smlthsburg   Smlthsburg. 

Shlnham,  Geo.  W Hagerstown    Cearfoss. 

Smith,  Vernon  T Lcwlstown    Thurmont. 

Strock,  J.  C Hagerstown    Cearfoss. 

Union  Stone  Co York.  Pa Halfway. 

Wade,  J.  Hubert Boonsboro   Sharpsburg. 

Washington  Marble  Co New  York   Bakles  Mills. 

Zouck,  P.  G.  ft  Co Cavetown    Cavetown. 

ALLEGANY    COUNTY. 

GEOGRAPHICAL   LIMITS. 

The  area  embraced  within  the  limits  of  Allegany  County  is  high  and 
mountainous.  It  is  crossed  along  its  southern  border  by  the  Western 
Maryland  Eailroad,  while  a  portion  of  this  county  ig  also  traversed  by 
the  Baltimore  and  Ohio.  Other  lines  centering  at  Cumberland  by  fol- 
lowing valleys  and  by  taking  advantage  of  the  gaps  in  the  mountains, 
tap  the  coal-fields,  and  furnish  a  means  of  transportation  into  Penn- 
sylvania. 
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Stone  of  the  above  composition  would  require  the  admixture  of  very 
little  shale  of  correct  composition  to  manufacture  into  Portland  cement. 
Such  shales  could  be  had  near  at  hand  from  the  Romney  formation,  a 
120-foot  sample  of  which  was  taken  west  of  Corriganville,  on  the  road 
to  Barrellsville,  at  No.  1  of  the  map.*  Material  of  the  same  composi- 
tion may  be  had  on  the  line  of  the  Baltimore  and  Ohio  Railroad. 

Allegany  Grove. — Another  place  where  limestone  occurs  of  suitable 
composition  for  Portland  cement  is  at  Cash  Valley,  west  of  Wills  Moun- 
tain, between  Allegany  Grove  and  Narrows  Park.  This  point  is  about 
midway  between  the  two  stations  in  the  small  gap  in  tlie  ridge  nearly 
i  mile  west  of  where  the  Eckhart  Branch  of  the  Cumberland  and  Penn- 
sylvania Railroad  crosses  to  the  east  side  of  the  turnpike.  The  Helder- 
berg  limestone  has  been  quarried  here  and  burned  into  lime. 

The  analysis  quoted  below  was  made  on  a  66-foot  sample  taken  at 
tlie  point  indicated  by  No.  16  on  the  map.  The  limestone  exposed  here 
waa  found  to  be  cherty  near  the  top,  massive  near  the  middle,  and  shaly 
below : 

Analysis  (No.  16)  of  Heldebbebo  Limestone,  Cash  Valley,  neab  Alleqany 

Gbove. 

Silica  (SiO,) 12  01 

Alumina  ( AlA)   1-54 

Iron  oxide  (FoA) 75 

Lime  (CaO)   47.06 

Magnesia  (MgO)    1.05 

Ignition   37.69 

Total    100.10 

West  of  the  quarry,  where  the  sample  analyzed  above  was  obtained, 
Romney  shales  occur  in  f^reat  abundance,  and  in  conjunction  with  lime- 
stone like  that  above  could  be  used  to  manufacture  Portland  cement. 

Cumberland. — ^The  same  limestone  formations  that  were  sampled  at 
the  "Devil's  Backbone,"  near  Corriganville,  occur  along  transportation 
routes  on  the  east  of  Wills  Mountain  at  Cumberland.  Both  the  Helder- 
berg  and  the  Cayuga  have  been  quarried  liere  and  made  into  lime,  and 

*  See  shale  analysis  No.  1. 
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berg  and  Caynga  limestones  are  both  worked  on  the  east  side  of  this 
mountain  in  the  vicinity  of  Cumberland.  To  the  west  of  Wills  Hoim- 
tain  they  are  well  exposed  along  the  lines  of  the  Baltimore  and  Ohio 
and  Pennsylvania  Bailroads,  between  Mt.  Savage  Junction  and  Cor- 
riganville^  while  the  same  beds  have  been  worked  further  southwest 
on  their  strike  at  Potomac,  where  they  are  crossed  by  the  Baltimore  and 
Ohio  and  Western  Maryland  railroads.  Between  Rawlings  and  Dawson 
the  Helderberg  is  exposed  along  both  transportation  routes  for  a  difltance 
of  about  5  miles.  This  is  because  these  two  lines  follow  the  formation 
across  an  anticlinal  area  for  considerable  distances  parallel  to  the  strike. 
The  Helderberg  is  also  well  exposed  on  the  Baltimore  and  Ohio  Railroad 
northeast  of  Dawson,  where  the  quality  of  the  stone  is  probably  such  as 
to  make  it  valuable  for  use  in  the  manufacture  of  cement  or  for  burning 
into  lime. 

In  cement  manufacture  the  Devonian  shales  are  the  most  accessible 
for  use  in  conjunction  with  Cayuga  and  Helderberg  limestones.  On 
the  other  hand,  the  Carboniferous  shales  are  most  advantageously  situated 
with  reference  to  the  Greenbrier  limestone. 

Limestones. 

The  Greenbrier  formation  belongs  to  the  Mississippian  or  lower  division 
of  the  Carboniferous.  Stratigraphically,  it  is  above  the  Pocono  sand- 
stone and  beneath  the  Mauch  Chunk  red  shale,  and  usually  occupies  val- 
leys or  sides  of  valleys  which  are  flanked  by  ridges  upheld  and  maintained 
by  the  more  resistant  Pocono. 

In  Maryland  the  Greenbrier  limestone  is  probably  the  least  im- 
portant economically  of  all  the  limestone  formations.  However,  if  fol- 
lowed southwestward  into  West  Virginia,  it  grows  thicker  and  puier^ 
and  becomes  of  increasing  conmiercial  importance.  In  Maryland  it 
attains  a  thickness  of  about  300  feet  and  consists  mainly  of  shales^  bat 
contains  also  beds  of  limestone  and  sandstone.  The  beds  of  limestone 
are  inclined  to  be  siliceous,  becoming  more  sandy  near  the  contact  of 
this  formation  with  the  Pocono.  Their  color  is  gray  and  brown,  and 
when  weathered  the  more  siliceous  layers  stand  out  as  minor  ridges. 


FlC,    2. — HELOERBEBC-CAIVC. 
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while  the  less  sandy  parts  between  occur  as  furrows.    This  corrugated 
weathering  is  shown  in  Plate  XXV,  Fig.  1. 

The  Greenbrier  limestone  crosses  transportation  routes  in  Allegany 
County  at  but  three  points.  The  first  of  these  is  IJ  miles  east  of 
Barrellsville,  on  the  Cumberland  and  Pennsylvania  Railroad;  the  second 
is  3  miles  east  of  Eckhart  Mines,  on  the  same  road  as  the  above,  which 
is  paralleled  at  this  point  and  further  east  by  the  Georges  Creek  and 
Cumberland  Railroad ;  the  third  is  about  2  miles  east  of  Westernport. 

Shales. 

The  most  important  of  the  argillaceous  materials  of  Allegany  County 
are  of  Devonian  age.  These  occur  widely  distributed  and  closely  asso- 
ciated with  the  Helderberg  and  Cayuga  limestones,  as  shown  on  the 
geological  map  of  the  State.  In  general,  the  chemical  composition  of 
these  shales  is  such  as  to  make  it  quite  an  easy  matter  to  locate  deposits 
suitable  for  Portland  cement  manufacture. 

The  fact  that  the  base  of  the  Romney  formation  is  separated  strati- 
graphically  from  the  Helderberg  by  a  thickness  of  only  about  350  feet 
of  Oriskany  sandstone,  while  the  latter  rests,  in  turn,  on  the  Cayuga 
formation,  assures  the  economic  assembling  of  limestone  and  shale  at 
a  Portland  cement  plant  built  at  some  convenient  point  on  or  between 
these  calcareous  and  argillaceous  formations. 

The  Devonian  shales  of  Allegany  County  differ  in  no  essential  respects 
either  as  regards  chemical  composition  or  physical  characteristics  from 
the  shales  of  the  same  age  already  described  as  occurring  in  Washington 
County.  In  both  counties,  but  particularly  in  Allegany,  they  attain 
an  enormous  thickness  and  cover  much  larger  areas  than  any  of  the 
other  formations  that  are  found  intimately  associated  with  them. 

DISTRIBUTION   OF   LIME  AND  CEMENT   MATERIALS  OF  ALLEGANY   COUNTY. 

Cayuga  and  Helderberg  Limestones. 

CoRRiOANViLLE. — Northeast  of  Corriganville  the  Pennsylvania  Rail- 
road passes  through  the  gap  made  by  Wills  Creek  in  the  high  ridge  that 
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parallels  Wills  Mountain  on  the  west.  The  railroad  cuttings  expose  both 
the  Helderberg  and  the  Cayuga,  the  former  in  contact  with  the  Oriskany 
sandstone  on  the  west. 

After  the  railroad  tracks  pass  round  the  ridge  in  question  they  follow 
in  a  northeastern  direction  on  and  close  to  the  contact  of  the  Oriskany 
and  Eomney  shale  all  the  way  to  the  Pennsylvania-Maryland  line.  On 
the  west  side  of  the  ridge,  wheriB  the  tracks  curve  sharply  from  west  to 
north,  the  railroad  company  owns  and  operates  a  large  quarry  from  which 
the  lower  cherty  strata  of  the  Oriskany  are  quarried  and  crushed  for 
ballast.    Analyses  of  samples  of  this  material  are  as  follows : 

Analyses  of  Obiskany  Calcabbous  Chsbt,  Cobbiqaitvillb. 

No.  8.  No.  7.  No.  8.  No.  9. 

Silica  (SiO,)  48.54  53.21  56.07  69.82 

Alumina  (A1,0,)    5.60  4.22  4.02  4.97 

Iron  oxide  (Pe,0,)   2.21  1.66  1.26  1.59 

Lime    (CaO)     22.29  21.98  20.88  13.76 

Magnesia  (MgO)   1.05  .55  .46  .10 

Alkalies  (Na,0  +  K,0)   1.50  n.  d.  n.  d.  n.  d. 

Ignition    18.23  18.09  16.98  10.38 

Total  99.32        99.71        99.17      100.62 

The  location  of  their  occurrences  are  indicated  by  corresponding  num- 
bers on  the  general  map.  From  these  analyses  it  will  be  seen  that  the 
Oriskany  is  increasingly  less  siliceous  the  nearer  its  beds  are  to  the 
base  of  the  formation  where  it  is  in  contact  with  the  Helderberg. 

In  cutting  through  the  ridge  referred  to  above.  Wills  Creek  has  left 
on  its  north  side  a  sharp  and  steep  escarpment.  The  strata  stand  almost 
on  end.  One  of  the  beds  rising  higher  than  the  rest  from  a  thickness 
of  16  feet  at  the  level  of  the  railroad  track,  narrows  down  to  a  sharp 
and  ragged  edge  that  cuts  through  the  very  crest  of  the  cliff,  and  stands 
out  as  a  most  striking  topographic  feature.  This  has  been  given  the 
name  "Devil's  Backbone,"  and  is  famous  as  a  bit  of  local  scenery.  A 
photograph  of  the  "Devil's  Backbone,'*  is  reproduced  as  Plate  XXIV, 
Figure  2. 

Samples  were  taken  of  the  "DeviPs  Backbone'*  and  certain  of  the 
accompanying  beds,  as  shown  in  the  diagram.  Figure  26.    The  bed  of 
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limestone  called  the  "  Devil's  Backbone  **  is  Helderberg  in  age.  Its 
position  in  the  formation  is  indicated  in  the  following  measured  section, 
which  gives  the  succession  of  beds  from  the  topmost  down.  The  contact 
of  the  Helderberg  in  the  "  Devil's  Backbone  "  ridge  with  the  Oriskany 
sandstone  on  the  west,  is  just  back  of  the  section  house. 

Beginning  with  the  bed  of  the  Helderberg  in  contact  with  the  Oriskany 
the  first  64  fe^t  in  the  section  quoted  below  are  assigned  to  the  New 
Scotland,  or  middle  member  of  the  Helderberg,  the  Becraft,  or  the 
upper  member,  being  absent  at  this  point.  The  lower  110  feet  are 
referred  to  the  Coeymans. 

Heldebbebo  Limestone  Section  at  Devil's  Backbone. 

NEW  SCOTLAND. 

Thickness 
feet. 

(a)  Soft  and  bluish  argillaceous  shales  with  some  indurated  layers. 
Occasional  manganese  phosphatic  nodules 20 

(b)  Massive-gray   limestone  with  bands  of  chert  becoming  thin- 
l>edded  above  and  containing  beds  of  shales 44 

COETMANS. 

(c)  Massive  regularly  bedded  blue-gray  limestone.    (The  sharp  ridge 
of  the  "  Devil's  Backbone.")     (Analysis  No.  5%) 16 

(d)  Thin  bed  of  shaly  limestone 1^ 

(e)  Massive   regularly  bedded,  blue-gray  to   dove-colored   non-fos- 
eiliferous  limestone.    (Analysis  No.  5) 22 

(f)  Heavy-bedded  gray  nodular  limestone  filled  with  stromcUopora 
^nown  as  the  "  first  stromatopora  bed."     (Analysis  No.  4) 1^' 

(g)  Heavy-bedded    blue    limestone    almost    without    stromatopora. 
(Analysis  No.  3) 25 

(h)  "  Second  stromatopora  bed "   abounding  in  a  few  species  of 

^sorals    9 

(i)  Thin-bedded  nodular  limestone  with  occasional  stromatopora, . .  10 
(J)  Heavy-bedded    grayish    limestone    with    layers    of   chert   more 
l>rominent  above  than  below.    Fossils  are  rare.     (Analysis  No.  2) 32^ 

All  of  the  Coe3rman8,  the  lower  member  of  the  Helderberg  section 
at  the  *^  Devil's  Backbone/'  was  sampled,  as  stated  in  the  foregoing, 
with  the  exception  of  the  19  feet  above  the  32  feet  of  heavy-bedded, 
grayish  limestone  at  the  base  of  the  formation.  One  reason  why  this  19 
feet  was  not  sampled  was  because  of  the  close  lithological  similarity  of 
most  of  it  to  the  first  Stromatopora  bed.    The  analysis  of  the  latter  may, 


453 


The  Limestones  of  Martiand 


therefore,  be  taken  to  indicate  the  approximate  compoaitioD  of  the 
former. 

The  upper  40  feet  of  Cayuga  limestone,  underlying  the  Coeymans  of 
the  Helderherg,  the  one  grading  almost  imperceptibly  into  the  other, 
coDBists  of  blue,  cherty  limestone  above  and  massive  limestone  at  the 
bottom,  with  soft  and  shaly  beds  between. 

A  sample  of  this  was  taken,  and  ita  composition  is'  represented  by 
analysis  No.  1. 


Fio.  26. — Diagram  ahowlng  source  of  samples  analyzed  from  CorrtgansvUIe, 

Maryland. 

The  following  gives  the  average  composition  of  the  set  of  samples 
described  above: 

AVBRAOE  COUPOBITION   OP  HlXDI^BBEBO   LIMESTONE  AT  "  DEVIL'S    BACKBONE." 
COEBinARVILLE. 

Silica    (SIO,)    13.43 

Alumina    (Al.O.)    2.10 

Iron  oxide  (FeA)    83 

Ume    (CaO)    45,10 

Magnesia   (MgO)    1.41 

Ignition    37.01 

Total    99.88 
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Stone  of  the  above  composition  would  require  the  admixture  of  very 
little  shale  of  correct  composition  to  manufacture  into  Portland  cement. 
Such  shales  could  be  had  near  at  hand  from  the  Romney  formation,  a 
120-foot  sample  of  which  was  taken  west  of  Corriganville,  on  the  road 
to  Barrellsville,  at  No.  1  of  the  map.*  Material  of  the  same  composi- 
tion may  be  had  on  the  line  of  the  Baltimore  and  Ohio  Railroad. 

Allegany  Grove. — Another  place  where  limestone  occurs  of  suitable 
composition  for  Portland  cement  is  at  Cash  Valley,  west  of  Wills  Moun- 
tain, between  Allegany  Grove  and  Narrows  Park.  This  point  is  about 
midway  between  the  two  stations  in  the  small  gap  in  the  ridge  nearly 
^  mile  west  of  where  the  Eckhart  Branch  of  the  Cumberland  and  Penn- 
sylvania Railroad  crosses  to  the  east  side  of  the  turnpike.  The  Helder- 
berg  limestone  has  been  quarried  here  and  burned  into  lime. 

The  analysis  quoted  below  was  made  on  a  66-foot  sample  taken  at 
the  point  indicated  by  No.  16  on  the  map.  The  limestone  exposed  here 
waa  found  to  be  cherty  near  tlie  top,  massive  near  the  middle,  and  shaly 
below : 

Analysis  (No.  16)  of  Heldebbebo  Limestone,  Cash  Valley,  neab  Allbqany 

Gbove. 

Silica  (SiO,)    12  01 

Alumina  (AlA)   1-54 

Iron  oxide  (FtvOj) 75 

Lime  (CaO)   47.06 

Magnesia  (MgO)    1.05 

Ignition  37.69 

Total    100.10 

West  of  the  quarry,  wliere  the  sample  analyzed  above  was  obtained, 
Romney  shales  occur  in  ^rreat  abundance,  and  in  conjunction  with  lime- 
stone like  that  above  could  be  used  to  manufacture  Portland  cement. 

Cumberland. — The  same  limestone  formations  that  were  sampled  at 
the  "  Devirs  Backbone/'  near  Corriganville,  occur  along  transportation 
routes  on  the  east  of  Wills  Mountain  at  Cumberland.  Both  the  Helder- 
berg  and  the  Cayuga  have  been  quarried  here  and  made  into  lime,  and 

♦  See  shale  analysis  No.  1. 
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the  former  also  into  natural  cement  by  the  Cumberland  Hydraulic 
Cement  and  Manufacturing  Company.  The  Cumberland  Hydraulic 
Cement  and  Manufacturing  Company  is  capitalized  at  $2,000,000,  and 
has  a  plant  with  a  capacity  of  1000  barrels  in  10  hours.  The  cement 
mill  is  located  at  Cumberland  and  is  equipped  with  ball  and  tube  mills, 
80  that  the  natural  hydraulic  cement  clinker  in  grinding  is  put  through 
a  quadruple  process  with  the  same  sort  of  machinery  as  that  employed 
in  grinding  Portland  cement,  producing  an  equal  fineness  in  the  product. 
Cement  was  first  made  here  in  1836.  The  quarries  are  in  the  south  bank 
of  Wills  Creek,  where  the  Helderberg  rocks  are  so  folded  and  exposed 
that  the  beds  can  be  conveniently  worked.  The  following  is  a  fairly 
typical  but  poor  analysis  of  the  material  used : 

Analysis  (No.  13)  of  Cayuga  Limestone,  "  Natusal  Cement  Rock," 

CUMBEBLAXD. 

Silica  (SiO,)   24.74 

Alumina  ( A1,0,) 16.74 

Iron  oxide  (FeO) 6.30 

Lime  (CaO)  23.41 

Ma^esia   (MgO)    4.10 

Alkalies   (Na,OH-K,0)    6.18 

Sulphuric  acid  (H^SOJ 2.22 

Ignition    18.99 

Total 102.68 

Potomac. — The  works  of  the  Cumberland  and  Potomac  Cement  Com- 
pany are  at  Potomac,  or  "  Pinto,"  on  the  Baltimore  and  Ohio  Eailroad 
9  miles  west  of  Cumberland.  The  plant  is  situated  on  the  north  side  of 
the  railroad,  and  was  first  operated  in  1891.  The  raw  materials  are 
obtained  from  the  cement  beds  of  the  Cayuga  and  burned  directly  into 
natural  hydraulic  cement.  The  works  have  a  capacity  of  600  barrels  a 
day. 

The  "4th  cement  bed"  is  on  the  north  side  of  the  railroad,  and 
about  midway  between  the  plant  and  the  railroad  bridge  over  the  Potomac- 
Cresaptown  road.  When  the  plant  is  in  operation  argillaceous  lime- 
stone is  mined  from  this,  and  the  three  other  beds  that  occur  in  the 
Cayuga.     A  sample  of  the  "4th  cement  bed"  was  taken.     This  in- 
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eluded  the  15  feet  of  the  material  between  the  foot  and  hanging  walls, 
on  which  the  mud  cracks  that  were  formed  at  the  time  of  their  original 
deposition  may  be  clearly  seen. 

Analysis    (No.  18)   of  Catuga  Limestone,  "Natubal  Cement  Rock,  4th 

Ckment  Bed/'  Potomac. 

No.  18. 

Silica  (SiO,)    17.60 

Alumina  ( AlA)  5.66 

Iron  oxide  (FejO,)   3.01 

Lime  (CaO)  35.44 

Magnesia  (MgO)    4.77 

Ignition 32.74 

Total 99.22 

The  Cayuga  limestone  near  the  works  of  the  Cumberland  and  Potomac 
Cement  Company  might  be  used  also  in  the  manufacture  of  Portland 
cement.  It  occurs  of  suitable  quality  and  in  good  form  for  quarrying 
at  the  point  where  the  Baltimore  and  Ohio  Eailroad  crosses  the  Potomac- 
Cresaptown  road,  about  J  of  a  mile  or  more  west  of  the  plant.  Here 
three  samples  of  limestone  were  taken,  which  represent  an  aggregate 
thickness  of  141  feet  of  stone.  The  strike  of  the  beds  is  N.  45**  E.  and 
their  dip  45**  W. 

Sample  (No.  27)  was  taken  east  and  across  the  road  from  the  house 
owned  by  Mr.  Eawlings,  north  of  the  grocery  store  near  the  railroad. 
The  47  feet  of  material  included  in  this  sample  consisted  of  dove-to- 
gray-colored  limestone,  blue  on  fresh  fracture,  with  occasional  thin  beds 
more  or  less  shaly.  The  analysis  shows  that  it  contains  very  little  mag- 
nesia, and  being  high  in  silica  would  require  a  small  amount  of  shale 
when  it  comes  to  mixing  the  two  to  manufacture  Portland  cement: 

Analyses  of  Cayuga  Limestone,  Potomac 

No.  27.  No.  26.  No.  26. 

Silica  (SiO,)    11.26  9.11  7.30 

Alumina  ( A1,0,)   2.39  2.18  1.85 

Iron  oxide  (FejOj) 97  .99  .87 

Lime  (CaO)   47.03  47.76  49.65 

Magnesia  (MgO)    88  .96  .88 

Ignition   37.56  38.82  39.59 

Total    100.09  99.82         100.14 
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The  next  sample,  No.  26,  vas  obtained  i-epreBcnting  44  feet  of  lime- 
Btone,  massive  above  and  thin-bedded  and  shaly  below,  situated  strati- 
graphically  below  sample  N'o.  27.    This  analyzed  as  indicated. 

Sample  No.  S5  represents  50  feet  of  heavy,  bedded  limestone  lying 
below  the  preceding,  the  top  bed  of  which  croseee  the  railroad  at  tlie 
east  abutment  of  the  bridge  previonsly  mentioned.  The-  bottom  ledge 
lies  to  the  east  of  a  small  spring  on  the  north  side  of  the  railroad  track. 


Flo.  27. — Diagram  sbowlog  source  of  samples  analyzed  Irom  Potomac, 
MaiTland. 


Utilizing  this  limestone,  which  ie  strikingly  similar  in  composition  to 
that  on  the  property  of  the  Security  Cement  and  Lime  Company  at 
Security,  about  Z  miles  west  of  Hagerstown,  the  plant  of  the  Cumber- 
land and  Potomac  Cement  Company  might,  by  the  installation  of  the 
necessary  machinery,  again  be  put  into  operation  manufacturing  Port- 
land cement.  Both  shale  and  argillaceous  limestone  are  also  near  at 
hand. 


MARVIAND  QEOLOSICAL  SURVEY. 


VOLUME  Vllt,  PLATE  X 


VIEWS  OF  ALLEGANY  COUNTY  CEMENT  ROCK  QUARRIFS. 
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The  plant  would  be  at  a  disadvantage  in  being  situated  further  from 
the  principal  markets  of  the  State  than  some  of  its  competitors,  but 
it  would  control  the  western  markets  of  Maryland  and  the  markets  of 
the  adjoining  sections  of  West  Virginia  and  Pennsylvania,  and  would 
have  an  advantage  over  other  works  located  further  east,  in  the  matter 
of  fuel,  which  the  Potomac  plant  might  get  from  West  Virginia  at  a 
much  cheaper  rate. 

Rawlins.— The  following  analyses  were  made  on  samples  of  lime- 
stone taken  west  of  Eawlins  on  the  Baltimore  and  Ohio.  The  first  of 
the  samples  (No.  28)  was  selected  so  as  to  include  a  stratigi'aphic  thick- 
ness of  20  feet,  the  beds  of  limestone  represented  dipping  east,  with  the 
hanging  wall  above,  a  distance  of  3750  feet,  measured  along  the  tracks 
of  the  Baltimore  and  Ohio  Railroad  west  of  Rawlins.  Several  other 
samples  were  taken  stratigraphically  below  this  first  one.  In  the  second 
sample  (No.  30)  25  feet  is  represented,  and  in  the  third  (No.  31)  and 
fourth  (No.  29)  34  and  60  feet,  respectively;  or,  in  other  words,  a  total 
consecutive  thickness  of  134  feet.  The  foot  wall  of  the  beds  included  in 
sample  (No.  29)  is  marked  by  a  Stromatopora  bed  which,  according  to 
the  recent  work  of  Dr.  T.  Poole  Ma}Tiard,  indicates  the  line  here  between 
the  Coeymans  and  the  Cayuga. 

The  beds  of  limestone  referred  to  above  as  having  been  sampled  at 
the  points  mentioned,*  rise  abruptly  above  the  level  of  the  railroad. 
But  here,  on  the  convex  side  of  the  first  large  bend  of  the  Potomac  west  of 
Rawlins,  where  the  samples  were  taken,  the  topography  is  such  that  with 
two  railroads  at  the  base  of  the  cliff  occupying  the  only  level  area  between 
a  steep  acclivity  on  the  one  side  and  the  river  on  the  other,  the  opening 
of  a  quarry  would  at  first  be  fraught  with  some  difficulties.  However, 
these  could  be  overcome.  The  analyses  of  the  samples  taken  are  as 
follows : 

*  Analyses  following  below. 
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Analyses  of  Lihestonx  Samples,  1  Mile  W.  Rawlins. 

No.  28.  No.  29.  No.  80.  No.  81. 

Thickness  of  stone  represented. 

20  feet.  00  feet.  24  feet.  84  feet. 

Silica  (SIO,)  30.61  13.47  12.95  11.72 

Alumina  (AUO.)    62  2.69  .47  1.19 

Iron  oxide  (Fe,0,) 70  .95  .68  .75 

Lime  (CaO)    38.08  43.11  47.71  46.54 

Magnesia  (MgO) 81  3.37  .90  2.34 

Ignition    29.94  37.21  37.53  38.07 

Total    100.76        100.80        100.24        100.61 

Dawson. — The  Helderberg  limestone  is  well  exposed  at  a  number  of 
other  points  along  the  West  Virginia  Central  and  Pittsburg  Eailroad, 
also  on  the  Baltimore  and  Ohio  Eailroad.  Prom  a  point  about  1  mile 
west  of  Rawlins  the  two  parallel  tracks  are  within  a  stone's  throw  of 
each  other,  diverging  about  a  mile  beyond  Black  Oaks  to  meet  and  cross 
one  another,  and  to  continue  parallel  again  beyond  Dawson.  Throughout 
the  distance  between  the  points  just  mentioned,  the  two  roads  follow  in 
their  alignment  for  stretches  of  considerable  length  the  general  strike  of 
the  Helderberg  formation.  About  a  mile  southwest  of  Black  Oaks  the 
Baltimore  and  Ohio  and  the  West  Virginia  Central  Railroads  diverge, 
as  stated  above,  the  former  following  closely  on  a  surface  contour,  and 
so  turning  from  a  more  southernly  course  sharply  to  the  west,  while 
the  latter  has  a  straight  stretch  of  track  from  the  point  of  divergence 
to  its  bridge  across  the  river.  Samples  were  taken  of  three  successive 
thicknesses  of  the  thin-bedded  and  much-folded,  more  or  less,  argillaceous 
ledges  of  limestone  exposed  in  the  side  cut  in  the  hill  on  the  north  side 
of  the  Baltimore  and  Ohio  Eailroad,  about  500  feet  west  of  the  point  of 
curve  mentioned  in  the  preceding  sentence.  The  analyses  of  these 
samples  is  given  below.  The  first  (No.  32)  was  taken  between  an  upper 
stratum,  or  hanging  wall,  dipping  east  and  striking  across  the  track 
500+  feet  west  of  the  point  of  curve  just  referred  to,  and  further  marked 
by  the  emergence  from  the  rock  at  this  point  of  a  small  but  persistent 
spring,  and  the  footwall  stratigraphically  95  feet  below.  While  it  in  turn 
is  followed  below  by  samples  (Nos.  33-34),  respectively,  representing 
65  and  60  feet.    Analysis  (No.  35)  was  made  on  a  bulk  sample  repre- 
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senting  the  limestone  formerly  worked  in  the  small,  abandoned  quarry 
on  the  west  side  of  the  Baltimore  and  Ohio,  and  about  f  of  a  mile  along 
the  track  northeast  of  Dawson: 

Analyses  of  Catuoa  Limestone,  between  Dawson  and  Black  Oak, 

Baltimore  and  Ohio  Kailboad. 

No.  82.  No.  83.         No.  84.  No.  86. 

Thicknesfl. 

96  feet.  66  feet.  60  feet.  60  feet. 

Silica  (SiO,)  3.69  3.82  10.67  9.17 

Alumina  (A1,0,)    1.27  .75  1.28  .90 

Iron  oxide  (FCjO,) 62  .58  1.16  .72 

Lime  (CaO)    51.51  51.06  44.55  49.36 

Magnesia  (MgO)   1.04  1.56  3.28  1.60 

Ignition    41.65  41.36  37.86  39.08 

Total    99.78  99.13  98.80        100.83 

From  the  above  analyses  it  may  be  seen  that  the  Helderberg  limestone 
of  the  anticlinal  area  under  discussion,  particularly  that  portion  of  it 
between  Black  Oak  and  Dawson,  is  worthy  of  careful  consideration  and 
investigation  on  the  part  of  those  having  in  mind  the  erection  of  Port- 
land cement  plants  in  the  western  part  of  the  State.  Shale,  water,  fuel, 
and  transportation  facilities  are  all  four  here  close  at  hand.  It  is 
reported  that  land  has  already  been  bought  along  the  line  of  the  West 
Virginia  Central  Eailroad,  between  Dawson  and  Black  Oaks,  with  the 
view  of  erecting  a  Portland  cement  plant  to  use  the  limestone  exposed 
further  southwestward  along  the  strike  in  West  Virginia. 

Oreenbrier  Limestone. 

At  none  of  the  few  points  where  the  Greenbrier  limestones  occur  in 
Allegany  County  on  railroads  is  it  fit  for  use  for  much  else  than  as  a 
road-metal,  ballast,  and  the  like.  It  is  usually  too  siliceous  to  make 
into  lime  and  too  limited  in  quantity,  even  when  otherwise  suitable  for 
use  in  the  manufacture  of  cement.  Samples  were  taken  at  two  points, 
one  about  1^  miles  east  of  Barrellville,  on  the  north  side  of  the  Barrell- 
ville-Corriganville  road,  and  the  other  on  Stony  Run. 

Barrellville. — The  samples  near  Barrellville  were  taken  from  a 
quarry  operated  principally  for  the  purpose  of  furnishing  road-metal  for 
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use  on  the  section  of  the  turnpike  from  Corriganville  to  Barrellville.  This 
quarry  is  located  at  (No.  10)  and  is  well  shown  in  Plate  XXIV,  Figure  1. 
It  has  a  working  face  of  29^  feet  high,  including  a  band  of  shale  11^ 
feet  thick  that  separates  the  limestone  into  two  ledges  of  about  equal 
thickness.  The  beds  strike  N.  25°  E.  and  dip  20 "*  W.,  and  are  worked 
also  on  the  south  side  of  the  railroad  which  is  on  the  opposite  side  of  Jen- 
nings Creek.  The  sample  was  taken  at  the  quarry  first  mentioned. 
The  limestone  in  this  quarry,  like  that  in  the  railroad  quarry,  is  weath- 
ered into  furrows  and  ridges  that  are  parallel  to  the  bedding.  The  stone 
in  both  quarries  ranges  in  color  from  reddish-brown  to  greenish-gray. 
It  is  extremely  siliceous,  as  is  evidenced  by  the  analysis  that  follows 
below : 

Analysis  (No.  10)  of  Gbeenbbieb  Limestoi^e,  neab  Barrellville. 

Silica  (SiO,) 19.99 

Alumina  ( AlA)  2.45 

Iron  oxide  (Fe,0,)    107 

Lime  (CaO)   42.29 

Magnesia  (MgO)    57 

Ignition    33.77 

Total    100.14 

The  second  set  of  samples  of  Greenbrier  limestone  selected  for  analy- 
sis was  obtained  as  stated  on  Stony  Run.  The  point  where  these  samples 
were  taken  is  at  Nos.  39-40  of  the  map  a  short  way  up  the  stream  north 
of  where  the  run  crosses  the  road  leading  from  Westernport  to  Dawson. 
The  Greenbrier  here  is  not  of  a  sufficient  workable  thickness  to  have 
any  commercial  importance.  Analysis  (No.  40)  gives  the  composition  of 
a  7J-foot  ledge  of  blue-gray  limestone  below  the  8  feet  represented  in 
the  sample  on  which  analysis  (No.  39)  was  made: 

Analyses  of  Greenbrier  Limestone,  Westebnpobt. 

No.  89.  No.  40. 

Silica   (SiOa)    13.86  2.94 

Alumina  (AlaO,)    4.58  1.09 

Iron  oxide  (Fe^O.)    1.61  .68 

Lime  (CaO)    43.21  53.44 

Magnesia  (MgO)   1.50  .10 

Ignition    34.87  42.15 

Total   99.63  100.40 
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Summary  and  Statistics  for  Allegany  County, 

Allegany  is  more  of  a  mining  than  an  agricultural  county.  Hence 
it  is  not  surprising  that  it  ranks  fourth  in  the  production  of  lime,  which, 
as  it  will  be  recalled,  is  burned  and  used  in  Maryland  mainly  for  agri- 
cultural purposes.  In  1908  the  lime  product  of  this  county  was  valued 
at  $8540  which  was  a  little  less  than  two-thirds  the  return  brought  foi 
limestone  quarried  and  sold  for  other  purposes.  The  limestone  sold  foi 
ballast,  road-metal,  concrete,  etc.,  was  valued  at  $11,664.  No  cement 
was  reported  for  this  year.  The  total  value  for  all  limestone  products 
was  $20,204.     The  names  of  the  principal  operators  are  listed  below: 

LIME   AND    LIMESTONE    OPERATORS   IN   ALLEGANY    COUNTY. 

OPEBATOB.  OFFICB.  QUARRY. 

Cumberland  Hydraulic  Cement  and 

Manufacturing  Company   Cumberland    Cumberland. 

Trether,  Charles  F *•  Winchester  Bridge. 

Onnning,  J.  B Cresaptown Cresaptown. 

Miller,  C.  A.  L Cumberland    Cumberland. 

Obb,  Robert Cresaptown Cresaptown. 

GARRETT  COUNTY. 

GEOGRAPHICAL   LIMITS. 

Garrett  County  includes  within  its  limits  that  part  of  Maryland  be- 
tween Allegany  County  on  the  east  and  the  State  of  West  Virginia  on 
the  west.  It  lies  almost  wholly  within  the  limits  of  the  high  and  broad 
region  of  the  Allegany  Plateau. 

GEOLOGY. 

The  rocks  reaching  the  surface  in  Garrett  County  are  all  sedimentary 
in  origin,  and  consist  of  shales  and  sandstones,  the  former  predominating, 
which  range  in  age  from  Devonian  to  Permian.  Besides  these  is  one 
limestone  formation,  the  Greenbrier,  and  thin-bedded  limestones  in  some 
of  the  Carboniferous  formations.  The  latter  are  relatively  unimportant, 
and  are  more  valuable  as  guide  members  to  the  coal  seams  than  they 
are  for  commercial  uses. 


"Pennsylvanian  or  Coal  Measures 


Carboniferous . .  ^ 
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The  geological  formations  found  in  Garrett  County  are  as  follows: 

Table  of  Gabbbtt  County  Formations. 
Cenozoic. 

Quaternary. 
Paleozoic. 

Permian  (?)  Dunkard. 

^Monongahela. 
Conemaugh. 
Allegheny. 
LPottsville. 
^Mauch  Chunk. 

LMissiasippian J  Greenbrier 

PoGono. 

Devonian   fHampshire. 

{^Jennings. 

These  formations  are  folded  into  a  series  of  gentle  rolls  which  extend 
northeast  and  southwest.  Within  the  limits  of  the  county  occur  two 
gently  arching  anticlines,  bringing  lower  Carboniferous  and  Devonian 
formations  to  the  surface,  and  three  gently  depressed  basins  or  synclines 
holding  the  Carboniferous  formations. 

Calca/reous  Materials, 
Limestones  occur  at  several  horizons  in  the  Carboniferous,  but  all  are 
relatively  insignificant  and  of  no  commercial  importance  except  those  of 
the  Greenbrier.  This  formation  may  be  divided  into  three  members. 
The  lowest  is  very  siliceous,  grading  into  the  underlying  Pocono  sand- 
stone, and  is  of  little  or  no  account.  The  middle  members,  composed  of 
thin-bedded,  sandy  limestones  and  shales,  is  likewise  of  little  value. 
This  is,  moreover,  usually  hidden  or  partially  covered  with  wash  and 
vegetation.  The  upper  member,  furnishing  as  it  does  the  main  source 
of  lime  of  this  region,  is,  however,  of  considerable  value,  even  though 
it  is  a  comparatively  poor  deposit.  It  is  about  65  feet  in  thickness.  The 
following  measured  section  at  Friendsville,  which  is  west  of  the  western 
anticline  previously  mentioned,  gives  the  lithologic  character  of  this 
member.  Neither  the  top  nor  the  bottom  portions  of  this  upper  mem- 
ber are  represented  in  the  first  of  the  sections.  The  second  section, 
however,  is  fairly  representative. 
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Section  Two  Miles  Southeast  of  Friendsville,  Gabbett  County. 

Feet.  Inches.  - 

1.  Massive  limestone   2 

2.  Shaly  limestone 3 

3.  Massive  limestone  5 

4.  Shale    8 

5.  Limestone 9 

6.  Shale    7 

7.  Massive  blue  limestone 12 

Total   24 

Section  on  Baltimore  and  Ohio  R.  R.,  East  of  Cbabtbee,  Gabbett  County.* 

Feet. 

1.  Gray  sandstone  (Mauch  Chunk) 

2.  Red  shale  5 

3.  Red  shale  and  limestone 16 

4.  Red  limestone  with  corals 5 

5.  Concealed    10 

6.  Gray  shaly  and  sandy  limestone  with  occasional  fossils.  15 

7.  Massive  reddish  limestone 15 

Total  66 

♦  Martin,  G.  C.    Greology  of  Garrett  Co.,  p.  97. 

The  Greenbrier  formation  occurs  at  the  surface  in  three  entirely  sepa- 
rate areas  in  Garrett  County.  One  of  these  areas  is  so  complicated  in 
its  boundaries  that  in  describing  the  surface  distribution  it  may  be 
considered  as  made  up  of  four  connected  areas,  making  a  total  of  six 
Greenbrier  areas  in  the  county.  The  most  easterly  of  these  areas  is 
situated  parallel  to  and  about  -J  mile  west  of  the  crest  of  Savage  and 
Backbone  mountains.  It  enters  the  county  from  Pennsylvania  i  mile 
west  of  the  northeast  corner  of  the  county,  and  extends  in  a  southwesterly 
direction  to  the  West  Virginia  line,  1  mile  north  of  Potomac  Stone. 
This  belt  is  about  45  miles  long,  and  from  i  to  J  mile  wide.  It  occu- 
pies a  valley  between  the  Pottsville  (Savage  Mountain)  and  the  Pocono 
(Little  Savage  Mountain)  ridges.  Along  the  northern  end  of  Backbone 
Mountain  the  line  of  outcrop  is,  for  a  large  part  of  the  way,  up  on  the 
mountain-side,  but  farther  south  it  occupies  a  series  of  minor  valleys 
like  those  along  Savage  Mountain. 
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The  second  area  extends  along  the  eastern  side  of  Meadow  Mountain 
in  the  valleys  of  Bed  Kun  and  Meadow  Mountain  Bun,  as  far  as  the 
confluence  of  the  latter  with  Deep  Creek  near  Thayerville.  Thence  it 
extends  in  the  same  southwesterly  direction,  in  a  similar  series  of  valleys 
between  Hoop  Pole  Bidge  and  the  ridge  of  Pottsville  rocks  to  the  west 
of  it,  to  the  West  Virginia  line  at  a  point  about  7  miles  southwest  of 
Oakland.  This  belt  is  about  37  miles  bug,  and  from  ^  to  ^  of  a  mile 
wide. 

The  third  area  extends  from  a  point  near  Thayerville,  on  the  one  last 
described,  down  the  valley  of  Deep  Creek  to  the  mouth  of  Marsh  Bun, 
thence  up  the  valley  of  Marsh  Bun  to  McHenry,  thence  in  a  westerly 
direction  for  about  1  mile,  where  it  bifurcates.  One  prong  extends 
down  the  valley  of  Hoyes  Bun  for  about  1  mile,  where  it  dips  under 
the  overlying  formation.  The  other  extends  in  a  northwesterly  direction 
through  a  valley  to  Sang  Bun.  From  here  it  extends  up  and  down  the 
valley  of  the  Youghiogheny  Biver  to  points  1^  miles  north  and  2^  miles 
south  of  Sang  Bun,  where  it  dips  under  the  overlying  formation. 

The  fourth  area  extends  from  a  point  on  the  one  last  described  at 
McHenry,  in  a  north-northeasterly  direction  in  the  valley  parallel  to 
and  about  ^  mile  west  of  l^egro  Mountain  as  far  as  and  across  the 
Pennsylvania  line.    This  belt  is  about  15  miles  long  and  -J  of  a  mile  wide. 

The  fifth  area  extends  from  a  point  on  the  third  one,  about  1  mile 
east  of  Sang  Bun,  in  a  northerly  and  northeasterly  direction  imtil  it 
crosses  the  Pennsylvania  line  at  Oakton.  It  occupies  a  sinuous  line  of 
valleys  parallel  to  and  about  i  mile  east  of  the  crest  of  Winding  Bidge. 
This  belt  is  about  13  miles  long  and  i  of  a  mile  wide. 

The  sixth  area  enters  the  county  from  West  Virginia  near  Cranesville, 
and  extends  south  along  the  valley  occupied  by  Pine  Swamp  and  Muddy 
Creek  as  far  as  Browning  Mill,  and  thence  up  the  valley  lying  west 
of  Snaggy  Mountain  for  about  4  miles.  Here  it  extends  across  the  line 
into  West  Virginia. 

Argillaceous  Materials, 

The  argillaceous  materials  of  Garrett  are  widely  distributed,  forming, 
as  they  do,  most  of  the  surface  area  of  the  county.     The  shales  of 
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Devonian  age  have  already  been  described  in  a  previous  section.  Shales 
of  Carboniferous  age  would  also  be  available  in  inexhaustible  quantity 
for  Portland  cement  manufacture.  There  is  no  prospect,  however,  of 
either  these  or  the  Devonian  shales  being  used  for  this  purpose,  since, 
so  far  as  known,  there  are  no  occurrences  of  limestone  in  Garrett  County 
where  the  limestone  is  of  suitable  quality  and  quantit}'  to  enter  with  the 
shales  into  a  Portland  cement  mixture. 

Gabbett  County — Limestones. 


Nearest  Town. 
No. 

Quarry. 

Silica 
(810a). 

^^ i ' 

Llmo 
(CaO). 

08 

• 

a 
o 

■ 

• 

Analydt. 

1     Plney  Grove. 

Flndley. 

4.47 

2.70 

48.67 

8.04 

41.60 

100.28 

86.78 

T.  M.  Price. 

2     Floyds. 

8.67 

2.38 

68.24 

.41 

36.04 

100.64 

88.78 

T.  M.  Price. 

3     Thayervllle. 

20.06 

41.10 

20.92 

.43 

16.91 

100.81 

87.86 

T.  M.  Price. 

i 

Orffutt. 

17.00 

2.74 

36.91 

7.60 

44.16 

99.61 

64.12 

T.  M.  Price. 

6     FriendsTUle. 

Gerriofl^r  and 
Neflehart. 

}  18.66 

6.44 

44.88 

.57 

86.46 

90.46 

79.16 

T.  M.  Price. 

f     CrelUn. 

Orffutt. 

18.46 

12.48 

40.86 

.66 

82.67 

100.01 

72.92 

T.  M.  Price. 

SUlOLiRY  AND  STATISTICS  FOR  GARRETT  COUNTY. 

The  Greenbrier  limestone  is  used  extensively  for  making  lime  for  local 
consumption.  The  lime  that  is  obtained  from  calcining  the  Green- 
brier is  used  chiefly  for  agricultural  purposes.  Also  this  formation  is 
worked  to  a  limited  extent  as  a  road-making  material.  The  statistics  of 
the  amount  and  vahie  of  the  production  used  for  various  purposes  are, 
however,  not  avaQable.  This  is  due  mainly  to  the  fact  that  the  opera- 
tions are  on  a  small  scale,  are  more  or  less  intermittent,  and  so  most  of 
the  operators  fail  to  make  their  reports  to  the  State  Geological  Survey. 
In  the  absence,  however,  of  detailed  data  it  will  suffice  to  say  that  the 
total  output  and  its  value  is  known  to  be  small. 


THE  COASTAL  PLAIN  MARLS. 

The  Coastal  Plain  marls  are  more  likely  to  be  used  for  burning  to 
agricultural  lime  than  as  an  ingredient  in  Portland  cement,  and  prob- 
ably will  never  be  used  to  any  great  extent  for  either.  Nowhere  in 
Marvland  are  thev  found  both  in  sufficient  thickness  and  of  suitable  chem- 
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ical  composition  to  be  used  in  the  manufacture  of  Portland  cement.  It 
is  obvious  that  both  these  requirementfr — ^namely  quality  and  quantity 
of  materials — must  be  met  if  the  marls  of  this  section  are  to  form  the 
basis  of  the  industry  just  mentioned.  Nor  would  they  be  employed 
for  making  lime  except  for  the  absence  where  they  occur  of  any  other 
calcareous  material  of  better  quality.  Usually  it  is  cheaper  to  buy  lime 
in  some  other  section  and  ship  it  to  its  destination  in  the  Coastal  Plain, 
paying  the  additional  cost  of  transportation,  rather  than  attempt  to 
manufacture  lime  from  the  local  raw  material. 

The  land  in  the  Coastal  Plain,  however,  is  sadly  in  need  of  lime,  but 
its  cost  under  present  conditions  is  high,  and  because  of  this  the  shell 
marls  are  occasionally  calcined  to  obtain  lime  for  use  for  local  agri- 
cultural purposes.  With  the  introduction  of  hydrating  plants  at  most 
of  the  Maryland  kilns,  especially  those  of  Baltimore  County,  it  will  be 
possible  to  manufacture  a  product  that  can  be  shipped  safely  by  water 
and  sold  in  the  Coastal  Plain  region  of  the  State  at  a  reasonable  price. 
At  present  the  excessive  cost  is  due  largely  to  the  high  tariff  charged  on 
caustic  lime  because  of  the  danger  of  fire  always  involved  in  shipping 
it  by  boat.  Water  transportation  is  the  chief,  if  not  the  only  convenient 
means  of  reaching  a  large  portion  of  the  Coastal  Plain,  and  so  if  lime 
is  to  be  shipped  at  a  moderate  rate  and  sold  at  a  reasonable  cost,  it  must 
be  hydrated  to  eliminate  from  the  lime  its  most  dangerous  and  objection- 
able feature ;  the  manufacturer  of  hydrated  lime  may  thus  develop  with 
the  product — i.  e.,  hydrate  lime  — a  large,  profitable,  and  almost  entirely 
new  market. 

The  writers  have  examined  a  large  number  of  occurrences  of  Eocene 
and  Miocene  marls,  and  of  the  total  number  only  a  very  few  had  sufiicient 
economic  importance  to  require  sampling  for  analysis.  One  of  the  best 
of  the  deposits  seen  is  found  near  Marlboro,  the  county  seat  of  Prince 
George's,  as  a  ledge  in  the  x\quia  formation.  As  Marlboro  is  a  station, 
both  on  the  Chesapeake  Beach  Railroad  and  on  the  Popes  Creek  Branch 
of  the  Philadelphia,  Wilmington  and  Baltimore  Railroad,  the  station 
on  the  former  being  called  Upper  Marlboro,  the  deposit  is  well  situated 
for  bringing  in  fuel  and  sending  out  the  finished  product. 
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Unfortunately,  the  quality  of  the  best  exposures  seen,  represented  by 
the  accompanying  analysis,  could  be  used  only  for  burning  lime  for  local 
consumption.    Analysis  follows  below: 

Analysis  of  Indurated  Shell-Marl  from  the  Aquia  Formation,  Marlboro, 

Prince  George's  County.* 

Silica  (SIO,)    19.70 

Alumina  ( AljO,)  1-53 

Iron  oxide  (FeA)   4.63 

Lime  (CaO) 39.96 

Magnesia  (MgO)    1.11 

Ignition    33.08 

Total    100.01 

*  East  of  road  north  from  Marlboro.  500  feet  S.  of  fork  to  Marlboro  station. 
Thickness  of  bed  about  8  feet. 

Another  exposure  of  shell  marl,  where  the  marl  is  considerably  thicker 
than  near  Marlboro,  is  that  at  MackalPs  Wharf,  St.  Leonard's  Creek, 
at  its  juncture  with  the  Patuxent.  The  total  thickness  of  the  marl  is 
not  exposed  at  this  locality,  but  its  estimated  thickness  is  about  12  feet, 
of  which  9  feet  is  exposed.    The  sample  taken  here  analyzed  as  follows : 

Sample  of  Miocene  Marl,  Mack  all's  Wharf,  Calvert  County. 

Silica  (SiO,)    52.54 

Alumina  ( AlA)   1.32 

Iron  oxide  (FejO,) 54 

Lime  (CaO)   25.21 

Magnesia  (MgO)    85 

Ignition   19.99 

Total    100.45 

Shell  marl  of  a  similar  sort  is  found  exposed  also  at  Jones  Wharf, 
wiiich,  in  a  straight  line  a  few  degrees  south  of  west,  is  about  4  miles 
west  of  MackalFs  Wharf,  but  on  the  opposite  side  of  the  river  from  the 
latter.  The  marl  bed  here  is  exposed  for  2J  to  3^  feet  above  water,  and^ 
as  at  MackalFs,  consists  of  shells  more  or  less  tightly  cemented  together 
by  an  arenaceous-calcareous  cement.  Because  of  its  high  content  of 
silica  it  is  not  suitable  for  use  for  lime  burning,  though  in  the  pulverized 
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state  it  would  doubtless  be  used  as  a  fertilizing  material  with  satisfactory 
results.  At  both  these  places  mentioned  the  shell  marl  occurs  as  a  mem- 
ber of  the  Choptank  formation,  which,  stratigraphically,  is  the  middle 
one  of  the  three  formations  in  Maryland,  comprising  the  Chesapeake 
group  of  the  Miocene. 

Above  the  Choptank  formation  shell  marl  occurs  also  in  the  Si  Mary^s 
formation.  Usually  it  is  not  of  a  workable  thickness,  and  nowhere  has 
it  any  economic  importance.  The  following  is  the  analysis  of  a  sample 
taken  about  midway  between  Chancellor  and  Windmill,  points  on  the 
east  side  of  St.  Mary's  River,  the  latter,  i.  e..  Windmill  Point,  being  the 
point  where  St.  Inigoes  Creek  empties  into  the  river.  The  bed  here  is 
very  thin,  not  exceeding  2  feet  in  thickness. 

Sample  of  Masl  fbom  the  St.  Mast's  Fobmation  taken  between  Windmill 

AND  Chancellor  Points,  St.  Maby's  County. 

Silica    (SiO,)     35.12 

Alumina  (AUG,)    2.28 

Iron  oxide  (Fe,Oi)   3.22 

Lime  (CaO)  29.14 

Magnesia  (MgO)    3.89 

Ignition    26.31 

Total    99.96 

Prom  the  above  analysis  and  from  the  thickness — ^lesa  than  2  feet — 
of  the  bed  from  which  this  sample  was  taken,  it  is  evident  that  it  has 
no  economic  value  whatever. 

Many  other  localities  besides  those  mentioned  were  examined  in  the 
hope  that  material  would  be  found  suitable  in  quality  and  quantity  for 
the  manufacture  of  Portland  cement  or  for  the  manufacture  of  lime. 
The  quest,  however,  was  in  vain.  Some  of  the  marl  deposits  may  be 
used  for  making  lime  for  local  uses,  but  neither  in  the  Miocene  nor 
Eocene,  nor  in  any  of  the  formations  of  the  Coastal  Plain,  are  there 
known  occurrences  which  are  adapted  for  use  in  the  manufacture  of 
cement,  because  where  the  beds  are  satisfactory  as  regards  chemical  com- 
position or  quality  there  exist  an  insufficient  quantity  of  material  to 
justify  the  erection  of  a  plant  which  would  base  its  operations  on  its 
Tise. 
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The  following  analysis  was  made  on  a  sample  of  the  green  marl  occur- 
ring at  Chesapeake  Beach,  taken  about  i  mile  south  of  the  pier.  It  con- 
tains a  little  over  1  per  cent,  of  lime,  and  is  submitted  here  to  show  the 
chemical  composition  of  this  material,  which  in  the  past  has  been  some- 
what extensively  employed  as  a  fertilizer  because  of  its  content  of 
phosphorus. 

Sample  of  Miocene  Mabl  from  the  Calvert  Formation,  Chesapeake  Beach, 

Calvert  Countt. 

Silica  (SiO,)    89.58 

Alumina   ( AlaO.)    2.66 

Iron  oxide  (FejO,)  1.88 

Lime  (CaO)  1.06 

Magnesia  (MgO)    52 

Phosphorus  (PA) 77 

Ignition    3.63 

Total    100.10 

The  Lime  and  Cement  Industry  in  Mabyland. 

introductory. 

The  materials  in  Maryland  suitable  for  making  lime  and  natural  and 
Portland  cements  are  widely  distributed.  The  lime  industry  is  already 
an  important  one.  The  total  product  in  1907  was  valued  at  $344,316. 
A  number  of  plants  have  also  been  built  to  manufacture  natural  cement, 
but  their  output  has  fallen  off  in  recent  years  owing  to  the  fact  that 
Portland  cement  is  rapidly  replacing  their  product.  One  plant  for  the 
manufacture  of  Portland  cement  is  in  operation,  and  another,  comprising 
facilities  for  the  manufacture  of  both  Portland  cement  and  hydrated 
lime,  is  in  process  of  erection. 

A  considerable  proportion  of  the  limestone  quarried  in  the  State  is 
used  for  building  purposes,  road-making,  ballast,  or  concrete.  Lime- 
stone suitable  for  blast-furnace  flux  and  for  use  in  the  open-hearth  proc- 
ess of  steel-making  is  also  known  to  occur.  The  statistics  on  the  pro- 
duction of  limestone  gathered  by  this  Survey  do  not  show  how  much 
has  been  quarried  and  sold  exclusively  for  flux,  and  apparently  the 
production  for  this  purpose  is  small.     Most  of  the  limestone  used  for 
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flux  at  Sparrows  Point  is  shipped  from  the  vicinity  of  Martinsburg, 
West  Virginia. 

The  total  production  of  limestone  for  other  purposes  than  the  manu- 
facture of  lime  and  cement  is  given  below.  The  figures  show  that  the 
production  has  increased  from  an  output  valued  at  $13,801  in  1896, 
to  an  output  valued  at  $142,825  in  1907.  Another  important  fact 
brought  out  is  the  steady  increase  shown  in  the  past  eight  years  in 
the  consumption  of  crushed  limestone  for  ballast  and  for  concrete  work, 
the  latter  being  one  of  the  indications  of  the  increased  use,  during  the 
same  period  of  time,  of  cements  in  construction  work  of  all  sorts. 

Crushed  stone  for  ballast  and  concrete  is  sold  both  by  the  ton  and 
by  the  perch,  the  latter  equalling  about  2500  pounds.  The  prices  quoted 
for  broken  and  crushed  limestone  in  Maryland  ranges  between  70  cents 
to  $1.25  per  perch,  and  from  60  cents  to  $1.00  per  ton. 

Value  of  Annual  Pboduction  of  LiMESTONE^f  1896-1908  in  Maryland. 


Buii  dinar. 

Flagging,       Crushed— 
curbing  and    Road  ballast 
paving.       and  concrete. 

Sold  for 

flux 
and  lime. 

Miscellaneous— 
Rubble  and 
riprap. 

Totel. 

1896 

« 

0 

« 

0 

$13,801 

1897 

« 

« 

« 

« 

16,924 

1898 

$10,768 

$155,714 

$3,446 

$276 

170,204 

1899 

8.896 

7,292 

869 

647 

17,703 

1900 

11.385 

14.343 

7,593 

2,169 

35,490 

1901 

14.138 

$1,796 

59,663 

4,707 

420 

74,724 

1902 

16.953 

1.575 

95.966 

9,097 

3,022 

126,613 

1903 

8.361 

6,748 

48,464 

1.419 

80 

65,732 

1904 

12.836 

1,036 

111,147 

2,466 

902 

128,387 

1905 

42.766 

246 

100,641 

699 

5.050 

149,402 

1906 

8,393 

779 

160,109 

« 

765 

170,046 

1907 

2,100 

1,937 

137,288 

« 

1,450 

142,825 

1908 

13,105 

150 

114,405 

210 

721 

128,591 

t  E^xclusive  of  lime  and  cement. 

*  Statistics  incomplete  in  detail 

9 

THE   LIME  INDUSTRY. 

The  lime-making  industry  is  at  present  by  far  the  most  important 
of  the  industries  dependent  on  the  use  of  Maryland  limestone.  The 
lime  produced  in  1905  reached  the  highest  value,  so  far  as  Maryland  is 
concerned,  in  the  history  of  the  industry,  amounting  to  $360,247,  or 


Maryland  Geological  Survey  473 

over  2.4  times  the  value  of  the  limestone  reported  for  use  for  other 
purposes. 

Lime  production  and  the  value  of  the  total  product,  with  the  ex- 
ception of  comparatively  small  fluctuations,  has  been  steadily  increasing 
during  the  past  10  years.  This  may  be  seen  by  reference  to  the  table 
below.  The  larger  part  of  the  product  was  used  in  liming  land  and 
most  of  the  rest  in  construction  work. 

Table  of  Value  of  Lime  Pboduced  Annually  in  Maryland. 

1896    $250,477 

1897    182.441 

1898    263,449 

1899    217,522 

1900    281,717 

1901    307,657 

1902    326,il7 

1903    320,494 

1904    309,079 

1905    360,247 

1906    350,460 

1907    344,316 

1908    332,455 

The  greater  part  of  the  lime  made  in  Maryland  is  obtained  from 
burning  limestone  in  the  old-fashioned  vertical,  mixed-feed,  continuous 
kiln,  though  some  of  the  kilns  employed  are  constructed  along  more 
modern  lines.  Better  styles  of  kilns  not  only  would  effect  a  great  saving 
in  the  cost  of  production,  but  would,  at  the  same  time,  result  in  a 
much  better  commercial  product.  Continuous  kilns,  built  of  stone,  are 
universally  used  in  the  larger  plants.  These,  however,  are  being  grad- 
ually supplanted,  with  the  growth  of  the  industry,  by  steel-clad  kilns 
lined  on  the  interior  with  the  variety  of  fire-brick  best  adapted  for 
that  purpose.  In  the  regions  removed  from  transportation  routes  and 
where  the  demand  is  small,  and  lime  is  made  only  to  supply  the  local 
demand,  the  more  primitive  intermittent  kiln  may,  liowever,  still  be 
found  in  use. 

Some  of  the  larger  plants  in  the  State  sell  lime  by  the  ton,  but  in 
most  cases  it  is  sold  by  the  bushel — of  2150.42  cubic  inches  capacity. 


474  The  Limestones  of  Maeyland 

The  bushel,  however,  is  estimated  in  practice  by  weight  rather  than  by 
cubic  inches.  This  varies  from  70  to  90  pounds.  The  great  majority 
of  plants,  however,  report  the  bushel  as  weighing  80  pounds,  and  figure 
on  25  bushels  of  lime  to  the  ton. 

The  price  of  lime  in  Maryland,  as  elsewhere,  varies,  of  course,  with 
the  quality  of  the  product.  The  lower  grades  of  lime  sell  for  from 
7^  to  9^  cents,  and  the  best  grades  that  are  manufactured  near  Balti- 
more at  about  16  cents  to  the  bushel.  The  range  in  price  varies,  there- 
fore, from  7^  to  16  cents  per  bushel  f.  o.  b.  at  the  point  of  shipment. 
The  average  price  per  bushel  during  1907  was  about  12  cents.  The 
higher  prices  were  obtained  in  the  Texas-Cockeysville  district,  and  the 
lower  prices  for  the  inferior  grades  of  lime  at  standard  plants,  and  for 
high-grade  lime  manufactured  at  points  less  accessible  to  the  larger 
markets. 

The  fuels  used  in  the  lime  kilns  of  Maryland  consist  chiefly  of  anthra- 
cite and  semi-bituminous  coal,  the  latter  coming  from  the  western  section 
of  the  State.  Charcoal  and  wood  are  also  employed  for  burning,  but 
to  a  more  limited  extent.  Anthracite  coal  being  on  the  whole  lower  in 
ash  and  volatile  matter  and  having  a  higher  calorific  value  than  any  one 
of  the  other  fuels  mentioned  is,  on  this  account,  generally  preferred. 
It  is  bought  and  burned  in  the  form  of  pea-coal  or  anthracite  siftings, 
1  ton  of  which  will  burn  about  125  bushels  or  5  tons  of  lime,  or,  in 
other  words,  1  ton  of  anthracite  will  decarbonate  about  10  tons  of 
limestone. 

Roughly,  the  calorific  value  of  1  ton  of  anthracite  is  equal  to  1^  tons 
of  coke,  and  1  ton  of  coke  is  equal  to  about  1^  tons  of  bituminous  coal. 
Hence,  1  ton  of  bituminous  coal  is  equivalent  to  about  J  of  a  ton  of 
anthracite  coal,  and  will,  therefore,  calcine  nearly  7  tons  of  limestone. 
But  these  figures  stating  the  relative  calorific  value  and  eflSciency  of 
the  three  fuels  mentioned  involve  several  obvious  errors.  They  were 
compiled  from  the  reports  received  from  Maryland  limestone  operators 
who,  in  reporting  the  fuel  used,  gave  the  sort  of  fuel  used  (but  not 
its  analysis),  the  cost,  amount  used,  and  also  the  output  of  the  plant. 
Before  reaching  an  accurate  comparison  of  the  anthracite,  bituminous 
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coal  and  coke  one  must  know,  besides  the  lime  output  and  gross  cost 
of  the  fuel,  something  of  the  quality  of  the  fuel  and  the  character  of 
the  limestone  used.  The  figures  given  above,  therefore,  are  only  approxi- 
mate, but  they  show  nevertheless  that  in  general  the  value  and  eflBciency 
of  anthracite,  coke,  and  bituminous  coal  for  calcination  of  limestone  is 
in  the  order  named,  and  that  as  a  mixed-feed  fuel  in  the  continuous  kiln 
in  this  State  they  are  generally  preferred  by  the  operators  in  the  order 
just  mentioned. 

The  outlay  for  fuel  in  the  manufacture  of  lime  amounts  to  from 
4  to  6  cents  a  bushel.  The  fuel  item  thus  reaches  from  70  to  80  per 
cent,  of  the  total  cost,  which  ranges  from  5J  to  7^  cents  per  bushel. 
With  lime  ranging  in  price  from  10  to  16  cents  for  the  better  grades, 
and  averaging  about  12  cents  per  bushel,  the  lime  operator,  with  good 
management,  has  a  very  fair  margin  of  profit. 

Lime  is  sold  either  as  "  lean  "  or  "  fat "  lime,  depending  on  the  con- 
tent of  lime  (CaO)  and  magnesia  (MgO).  Both  varieties  are  made  in 
Maryland.  The  **  fat "  or  caustic  limes  are  manufactured  from  burning 
limestone  containing  less  than  10  per  cent,  of  magnesia,  while  the 
"  lean  "  or  magnesian  limes  are  made  from  limestones  containing  more 
than  10  per  cent,  of  magnesia.  The  former  or  the  high  calcium,  called 
also  caustic  limes,  with  the  addition  of  water,  slake  more  rapidly  than 
the  "  lean "  or  magnesian  limes,  and  also  set  more  slowly.  The  fact 
that  the  magnesian  limes  in  slaking  emit  less  heat  for  a  unit  of  time 
than  the  "  caustic  ^'  limes,  and  moreover  set  more  rapidly,  cause  them 
to  be  preferred  in  some  lines  of  work  to  the  "  caustic  '*  limes.  In 
general,  however,  the  "  fat "  or  caustic  lime  is  the  variety  most  in  demand. 

THE  PORTLAND  AND  NATURAL  CEMENTS  INDUSTRY. 

Maryland  possesses  abundant  materials  for  the  manufacture  of  Port- 
land cement,  but,  unfortunately,  the  competition  with  Portland  cements, 
from  which  the  Maryland  natural  cement  industry  has  had  to  suffer,  has 
come  from  neighboring  states  which,  with  the  exception  perhaps  of 
Pennsylvania,  are  no  better  supplied  with  raw  materials. 

The  cities  of  Baltimore  and  Washington  together  consume  annually 
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The  bushel,  however,  is  estimated  in  practice  by  weight  rather  than  by 
cubic  inches.  This  varies  from  70  to  90  pounds.  The  great  majority 
of  plants,  however,  report  the  bushel  as  weighing  80  pounds,  and  figure 
on  25  bushels  of  lime  to  the  ton. 

The  price  of  lime  in  Maryland,  as  elsewhere,  varies,  of  course,  with 
the  quality  of  the  product.  The  lower  grades  of  lime  sell  for  from 
7^  to  9i  cents,  and  the  best  grades  that  are  manufactured  near  Balti- 
more at  about  16  cents  to  the  bushel.  The  range  in  price  varies,  there- 
fore, from  7i  to  16  cents  per  bushel  f.  o.  b.  at  the  point  of  shipment. 
The  average  price  per  bushel  during  1907  was  about  12  cents.  The 
higher  prices  were  obtained  in  the  Texas-Cockeysville  district,  and  the 
lower  prices  for  the  inferior  grades  of  lime  at  standard  plants,  and  for 
high-grade  lime  manufactured  at  points  less  accessible  to  the  larger 
markets. 

The  fuels  used  in  the  lime  kilns  of  Maryland  consist  chiefly  of  anthra- 
cite and  semi-bituminous  coal,  the  latter  coming  from  the  western  section 
of  the  State.  Charcoal  and  wood  are  also  employed  for  burning,  but 
to  a  more  limited  extent.  Anthracite  coal  being  on  the  whole  lower  in 
ash  and  volatile  matter  and  having  a  higher  calorific  value  than  any  one 
of  the  other  fuels  mentioned  is,  on  this  account,  generally  preferred. 
It  is  bought  and  burned  in  the  form  of  pea-coal  or  anthracite  siftings, 
1  ton  of  which  will  burn  about  125  bushels  or  5  tons  of  lime,  or,  in 
other  words,  1  ton  of  anthracite  will  decarbonate  about  10  tons  of 
limestone. 

Roughly,  the  calorific  value  of  1  ton  of  anthracite  is  equal  to  1^  tons 
of  coke,  and  1  ton  of  coke  is  equal  to  about  1^  tons  of  bituminous  coal. 
Hence,  1  ton  of  bituminous  coal  is  equivalent  to  about  J  of  a  ton  of 
anthracite  coal,  and  will,  therefore,  calcine  nearly  7  tons  of  limestone. 
But  these  figures  stating  the  relative  calorific  value  and  eflSciency  of 
the  three  fuels  mentioned  involve  several  obvious  errors.  They  were 
compiled  from  the  reports  received  from  Maryland  limestone  operators 
who,  in  reporting  the  fuel  used,  gave  the  sort  of  fuel  used  (but  not 
its  analysis),  the  cost,  amount  used,  and  also  the  output  of  the  plant. 
Before  reaching  an  accurate  comparison  of  the  anthracite,  bituminous 
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coal  and  coke  one  must  know,  besides  the  lime  output  and  gross  cost 
of  the  fuel,  something  of  the  quality  of  the  fuel  and  the  character  of 
the  limestone  used.  The  figures  given  above,  therefore,  are  only  approxi- 
mate, but  they  show  nevertheless  that  in  general  the  value  and  eflBciency 
of  anthracite,  coke,  and  bituminous  coal  for  calcination  of  limestone  is 
in  the  order  named,  and  that  as  a  mixed-feed  fuel  in  the  continuous  kiln 
in  this  State  they  are  generally  preferred  by  the  operators  in  the  order 
just  mentioned. 

The  outlay  for  fuel  in  the  manufacture  of  lime  amounts  to  from 
4  to  6  cents  a  bushel.  The  fuel  item  thus  reaches  from  70  to  80  per 
cent,  of  the  total  cost,  which  ranges  from  5^  to  7^  cents  per  bushel. 
With  lime  ranging  in  price  from  10  to  16  cents  for  the  better  grades, 
and  averaging  about  12  cents  per  bushel,  the  lime  operator,  with  good 
management,  has  a  very  fair  margin  of  profit. 

Lime  is  sold  either  as  "  lean  "  or  "  fat  ^'  lime,  depending  on  the  con- 
tent of  lime  (CaO)  and  magnesia  (MgO).  Both  varieties  are  made  in 
Maryland.  The  **  fat  ^^  or  caustic  limes  are  manufactured  from  burning 
limestone  containing  less  than  10  per  cent,  of  magnesia,  while  the 
"  lean  "  or  magnesian  limes  are  made  from  limestones  containing  more 
than  10  per  cent,  of  magnesia.  The  former  or  the  high  calcium,  called 
also  caustic  limes,  with  the  addition  of  water,  slake  more  rapidly  than 
the  *^  lean  '^  or  magnesian  limes,  and  also  set  more  slowly.  The  fact 
that  the  magnesian  limes  in  slaking  emit  less  heat  for  a  unit  of  time 
than  the  "  caustic  ^'  limes,  and  moreover  set  more  rapidly,  cause  them 
to  be  preferred  in  some  lines  of  work  to  the  "  caustic  '^  limes.  In 
general,  however,  the  "  fat  "  or  caustic  lime  is  the  variety  most  in  demand. 

THE  PORTLAND  AND  NATURAL  CEMENTS  INDUSTRY. 

Maryland  possesses  abundant  materials  for  the  manufacture  of  Port- 
land cement,  but,  unfortunately,  the  competition  with  Portland  cements, 
from  which  the  Maryland  natural  cement  industry  has  had  to  suffer,  has 
come  from  neighboring  states  which,  with  the  exception  perhaps  of 
Pennsylvania,  are  no  better  supplied  with  raw  materials. 

The  cities  of  Baltimore  and  Washington  together  consume  annually 
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about  1,200,000  barrels  of  Portland  cement.  The  demands  of  other 
though  smaller  markets,  which  Portland  cement  plants  located  in  Mary- 
land might  also  control,  because  of  their  proximity,  and  the  transporta- 
tion facilities  that  this  State  affords,  amounts  to  almost  as  much, 
making  a  total  of  about  2,500,000  barrels.  Yet  there  is  but  a  single 
plant  built  in  Maryland  and  a  second  in  course  of  construction,  whereas 
there  should  be  several,  aggregating  a  daily  capacity  of  10,000  to  12,000 
barrels.  This  backwardness  in  cement  manufacture  is  due  largely  to 
a  lack  of  information  as  to  the  State's  resources  in  this  respect^  and  also 
because  only  within  the  past  year  or  so  has  the  subject  of  the  Portland 
cement  resources  of  Maryland  been  at  all  systematically  studied. 

The  natural  cement  industry  throughout  the  United  States,  with  the 
exception  of  the  years  1897,  1898,  and  1902  has  shown  each  year  a 
decrease  in  production  compared  with  the  year  preceding.  The  industry 
in  Maryland  has  been  no  exception.  The  production  of  natural  and  slag 
cements,  which  is  given  below,  reached  in  1896  a  total  of  250,000  barrels, 
valued  at  $115,000,  but  in  the  next  10  years  the  output  steadily  de- 
creased until  in  1906  the  production  amounted  to  66,350  barrels,  or  a 
little  more  than  one-fourth  of  the  output  reported  for  the  first  year  of 
the  decade,  1896-1906. 

At  the  close  of  1907  not  one  of  the  four  Maryland  natural  cement 
plants  or  the  one  slag  cement  plant  that  had  been  constructed  at  Spar- 
rows Point  was  in  operation.  The  effect  of  closing  down  of  these  plants 
will,  however,  only  be  temporary.  Their  place  in  the  industrial  activity 
of  the  State  will  be  more  than  occupied  by  the  Portland  cement  industry ; 
for  the  cessation  of  operation  of  the  last  of  the  natural  cement  plants 
in  the  fall  of  1907  was  followed  by  the  construction  of  the  first  Port- 
land cement  plant  to  be  built  in  Maryland,  which  began  manufacturing 
in  1908.  At  the  present  time  a  second  large  Portland  cement  plant  is 
being  erected,  while  a  hydrated-lime  plant  proposes  to  place  its  product 
on  the  market  before  this  report  is  distributed. 

It  is  safe  to  predict  tliat  other  Portland  cement  plants  will  also  be 
built,  for  Maryland  is  plentifully  supplied  with  material  which  is  well 
adapted  for  use  in  this  industry. 


Maryland  Geological  Sukvey  477 


Table  of  Production  of  Natural  and  Slag  Cements  Produced  in  Maryland. 

Barrels.         Avcraflre  price.  Value. 

1896    250,000  $0.46  $115,000 

1897    200,000  .52  104,000 

1898    307,475  .44  136,489 

1899    372,000  .42  154,800 

1900  .: 343.070  .41  140,028 

1901    358,329  .54  180,665 

1902    423.200  .38  161,180 

1903    279,057  .53  148,619 

1904     70,000  .51  36.250 

1905    61,324  .54  33,494 

1906    66,350  .49  32,675 

1907*    

1908    


•   •   •    ■ 


•   • 


♦  To  give  the  figures  for  1907  and  1908  would  disclose  the  product  of 
Individual  operators  since  three  or  more  plants  have  not  reported  production 
during  the  year. 

The  cement  plant  constructed  at  Sparrows  Point,  the  statistics  of 
whose  output  are  included  in  the  foregoing  table,  is  the  only  one  in 
Maryland  located  east  of  the  Blue  Ridge.  It  was  built  in  1898,  and 
was  the  second  plant  established  in  this  country  for  the  manufacture  of 
slag  cement. 

Most,  if  not  all,  of  the  ores  used  in  the  furnaces  at  Sparrows  Point 
come  from  foreign  sources,  the  greater  part  of  the  tonnage  being  mined 
and  shipped  from  Cuba.  When  the  slag-cement  plant  was  in  operation 
these  were  fluxed  chiefly  with  limestone,  marble,  and  oyster  shells,  and 
the  resulting  slag  was  granulated  and  used  in  the  manufacture  of  slag 
cement.  The  capacity  of  the  works  is  500  barrels  a  day.  The  cement 
manufactured  by  the  Maryland  Cement  Company  is  reported  as  a  non- 
staining  puzzolan  with  an  average  specific  gravity  of  2.90-}-.  The  future 
successful  operation  of  this  mill,  which  is  now  closed,  appears  doubtful. 
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348. 

operators  in,  349. 
Baltimore  County,  State  aid  In,  42. 
Barrellvllle,  limestone  at,  459-460. 
Barrlck.  S.  W.,  quarry,  385-386. 
Barytes.   160. 
Bascom,  F.,  356. 
Basic  open-hearth  furnace  flux,  246-249. 

composition  of,  246. 

sulphur  In,  246. 

valuation  of,  245,  246-249. 
Basic  volcanlcs,  356-367. 
Bassler,  R.  S.,  26. 
Bates.  H.  P.,  analyses  by,  442. 
Beaver  Dam  quarry,  341. 
Beekmantown  formation,   295,  382,  399, 

400,  405-406,  407,  413,  416. 
Belvedere  Avenue,  42. 
Berry,  E.  W.,  16. 
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Blast-furnace  flux,  238-245. 

Impurities  in.  230. 

magnesia  in,  239-241. 

phosphorus  in,  239. 

requirements  In,  238. 

sulphur  In.  230. 

valuation  of,  239,  241-245. 
"Blue  stone,"  340-341. 
Bodkin  Point,  clay  from,  346. 
Booth,   Garrett  and   Blair,  analyses  by. 
423. 

tests  by,  424. 
Boyce  Avenue,  48. 
Braddock  Heights  Road.  42. 
Bransky,  O.  C,  26. 

analyses  by,  348,  440,  443. 
Brown  hematite,  153. 
Buckeystown  district,  380,  302-394. 
Buehler.  H.  A..  255.  305.  306. 
Buena  Vista  formation,  400. 
Building  limes,  260. 
Burchard,  E.  F.,  cited,  235. 
Burning  of  limestone,  250-253,  254. 
Burtner,  limestone  near,  418. 


Calcareous    materials    for    Portland    ce- 
ment 288-294. 
Calcareous       materials       of       Allegany 
County,  448-460. 

Eastern  Piedmont,  338-344. 
Frederick  Valley,  383-394. 
Garrett   County,   464-166. 
Hagerstown   Valley,   409-419. 
Western    Piedmont,   300-369,   378. 
Western    Washington    County,    430- 
432. 
Calcium    carbide    manufacture,    lime    In, 

266. 
Calcium  oxide  In   Portland  cement,  280. 
Calcium    sulphate    In    Portland    cement, 

285. 
Calvert  County  bond  Issue,  41. 
Carbaugh,    Wm.,   quarry,   363. 
Carbon  dioxide  in  Portland  cement,  285. 
Caroline  County,  road  engineer's  report, 

68. 
Carroll   County   limestones,  analyses  of, 
378. 

operators  in,  379. 
Cash  Valley.  limestone  at,  453. 
Catlett  Chas.,  26. 

analyses  by,  441,  442. 
Catoctin  schist,  357. 
Caustic    alkalies    manufacture,    lime    in, 

267. 
Caustic  lime.  254-255,  260,  270. 
Cavetown,  limestone  at,  410-411. 
Cayucra    formation,    430-431,    449,    454- 
457,  459. 


"  Cedar  stone,"  406. 
Cement,  141. 

annual  production  of,  142,  328,  477. 
Cementation  index,  269-271. 
Cement  rock,  288.  290,  294-296. 

analyses  of.  296. 
Chambersburg  formation,  284.  2^5.  287, 
288,  290.  291,  293,  295.  382.  399.  408- 
409,  414. 
Chancellor  Point,  marl  near,  470. 
Charlton,  limestone  at,  415-416. 
Chemical  uses  of  lime,  265-267. 
Chesapeake  Beach,  marl  near,  471. 
Chewsvllle,  limestone  at,  411-412. 
Chief  engineer's  report,  31. 
Chloride  of  lime.  267. 
Chrome,  155. 

Clark,  Wm.  Bullock,  16,  25,  99. 
Clay,  analyses  of,  347,  348. 

annual  ■  production  of,  109. 

common  and  front  brick,  110. 

in   Portland  cement  manufacturing. 
297-299. 

list  of  operators,  117. 
Clays  and  clay  products,  discussion.  100. 
Clemson  place,  355,  366. 
"  Clinker,"  calculation  of  composition  of, 
320. 

Meade's  rule  for  calculation  of,  321. 

properties  of,  371-372. 
Coal,  analyses  of,  103.  317. 

annual  production  of.  104. 

discussion,  102. 

list  of  operators  In.  107,  161. 

operations.  161. 

range  in  composition  of.  315. 
Coal  seams,  columnar  section  of,  105. 
Coastal  Plain  formations,  table  of,  345. 
Coastal  Plain  marls,  467-471. 
Cockeysvllle  and  Texas  district,  338,  330- 

343. 
Cockeysvllle  marble,  337-344. 

analyses  of,  340.  341.  343. 
Commission,  13. 
Common    brick,    annual    production    of, 

112. 
Composition    of   basic   open-hearth    flux. 
246,  249. 

natural  cement,  274-275.  429. 

natural  cement  rock,  273,  428.  436. 
437. 

Portland  cement,  277-286.  279,  283. 
289.   317-322,    425. 
Concrete,  limestone  for.  232-233. 

sand  and  gravel  for,  147. 
Conococheaguc  formation.  399,  400,  403- 

405,  407,  413,  428,  488-440,  443. 
Contents,  17. 

Continuous  kilns,  251-252. 
Contract  prices  paid  for  road  work,  76. 
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Convict  labor,  64. 
Copper,  151. 

Hat  of  operators,  152. 
Corriganville,  440-453. 
Cost  of  Portland  cement,  324. 
Cost  of  Portland  cement  plants,  322. 
Cost  of  roads,  56,  50,  78. 
County  roads*  engineers,  66. 
Crabtree,  limestone  near.  465. 
Cranesville.  limestone  near.  465. 
Crosby,  Walter  Wilson,  15.  25,  31,  73. 
Crothers.  Austin  L..  13. 
Crushed  stone,  136,  231. 

annual  production  of,  138. 
Cumberland.  453-454. 

cement  works  at,   454. 

limestone  at,  453-454. 
Cumberland   and   Potomac   Cement   Co.. 

454-456. 
Cumberland  Hydraulic  Cement  and  Mfg. 

Co.,  454. 
Cumberland     Valley     Railway,     quarries 

near.  412,  416-417. 
CumminjcTS,  U.,  327. 
Curtis  Bay.  clay  from.  347. 
Cyan  amide  manufacture,  lime  in,  266. 


Dam  No.  6,  431,  436-437. 
Dawson,  limestones  at,  458-450. 
Day  and  Shephard.  277. 
Demlng.  H.  C,  tests  by,  424. 
Determination  of  quality  of  stone,  307- 
300. 

quantity  of  stone,  303-307,  310-314. 
Devil's  Backlwne,  450-453. 

samples  from,  452. 

section  at,  451. 
Ditman  quarry,  339,  340,  343. 
Dolomite.  .341 -.34 2. 

Dolomttic  limes,  see  magnesian  limes. 
Dykerhoflf,  R.,  284. 


Eakles  Mills,  marble  at,  401. 

Earth  roads,  65. 

Eastern  Piedmont,  335,  336-349. 

geology  of.   336-338. 

lime  and  cement  materials  of,  838- 
340. 

operators  in  lime  and  marble,  349. 

summary  and  statistics  for.  340. 
Eastern  Shore  freight  rates  on  road  ma- 
terials. 63. 
Easton,  State  aid  of,  44. 
Edgemont,  shale  near,  419-420. 
•*  Edgewise  "  beds.  402,  403. 
Eckel,  E.  C,  26,  270.  273,  274.  275,  298. 

208.   290,  301. 
Engine-snnd,  148. 


Englar,  Frank,  farm  of.  366. 

Blbrook  formation,  309,  400,  402-408, 
407,  418.  419. 

Erz  cement.  283-284. 

Essential  constituents  of  Portland  ce- 
ment. 280-284. 

Expenditures  on  road  work,  02. 


Feldspar,  discussion  of,  145. 

Feudal  1,  B.  F.,  tests  by,  424. 

Field  test  for  magnesia,  307-309,  310. 

Fire  clays,  114. 

Fire  clay  products,  annual  production  of, 

115. 
Flint,  discussion  of,  144. 
Flint  and  feldspar,  annual  production  of, 

146. 
Fountain  Rock  quarry.  386-387. 
Frederick  City,  State  aid  to,  43. 
Frederick  county  limestones,  analyses  of, 
378,  884,  385.  387,  388,  390,  393,  396. 

operators  in,  370.  397. 

types  of,  381. 
Frederick  County,  road  work  in,  42,  60. 
Frederick  district,  887-392. 
Frederick  Lime  and  Stone  Co.,  388. 
Frederick  Valley,  333,  379-397. 

geographical  limits  of,  380. 

geology  of,  381-383. 

lime  and  cement  materials  of,  383- 
395. 

limestones  of,  381-394. 

operators    in    lime    and    cement    of, 
397. 

summary  and  statistics  for,  895 
Freight  rates  on  load  materials  on  East- 
ern Shore,  63. 
Frlendsville,  limestone  near,  465. 
Front  brick,  annual  production  of,  112. 
Fuels,  calorific  value  of,  474. 
Fuel  in  burning  lime,  252. 
Fuel  supply  and  cement  plant,  315-317. 
Furnace  linings,  limestone  as,  236. 

requirements  of,  234. 


Garrett    County    argillaceous    material. 
466-467. 

calcareous  materials,  464-466. 
coal  operators  in,  212-213. 
formations,  table  of,  464. 
geographical  limits,  463. 
geology  of,  463-467. 
summary  and  statistics  for,  467. 
Garrett  County   limestones,  analyses  of, 

407. 
Geography  of  State,  331. 
Geological      formations      of      Maryland, 
table  showing,  100. 
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Geology  of  lime  and  cement   materials, 
332-334,     336-338,     350-360,     381-383, 
398-409,   430-434,  447-449,   463-464. 
Geology  of  cement  materials  of  Allegany 
County,  447-449. 

Eastern  Piedmont,  336-338. 

Frederick  Valley,  381-383. 

Garrett  County,  463-464. 

Hagerstown  Valley,  398-409. 

Washington  County,.  398-409. 

Western  Piedmont,  350-360. 

Western    Washington    County,    430- 
434. 
Gilbert  quarry,  365. 
Gillp  E.  E.,  analyses  by,  396,  440,  441, 

443.  462. 
Gillmore,  Q.  A.,  analyses  by,  428,  461. 
Glade  Valley,  380. 
Glass-making,  limo  In.  267. 

limestone  In,  234-235. 
Glass-sand,  147. 

analysis  of.  235. 
Glen  Arm,  limestone  at.  338. 
Glue  manufacture,  lime  In.  266. 
Gneiss,  annual  production  of,  122. 
Gold,  150. 

list  of  operators,  151. 
Granite,  annual  production  of,  122. 

discussion  of,  120. 

list  of  operators  in,  123. 
Graphite,  159. 

Grasty.  J.  S.,  15,  25,  225.  227,  421-428. 
Grappier  cement,  268. 
Greenbrier  limestone,  448,  459-460.  464- 
467. 

analyses  of,  460. 
Green  Spring  Furnace,  fault  near,  407. 
Grimes,  limestone  near,  417. 
Grimsley,  G.  P.,  429. 
Grinding  of  quicklime,  256-257. 
Ground  limestone,  233-234. 
Grove,   M.  J.,   Lime  Co.,   256,   388,   391, 
392. 

H 

Hagerstown,  limestone  at,  412-413. 
Hagerstown  Valley,  333,  397,  398-430. 

geology  of,  398-409. 

lime  and  cement  materials  of,  409- 
421. 

limestones  of  400-408. 

shales  of,  409-420. 
Haines  quarry,  365,  367,  368. 
Halfway,  quarry  at,  406. 
Hancock  district,  435-436. 

limestone  at,  430.  431.  434,  435-436. 
Harpers  shale,  399,  400.  409,  420. 
Helderberg  formation,  431-432.  437.  443. 

449-454. 
Herlng,  Joshua  W.,  13. 


Higgins,  James,  analyses  by,  348. 

"  Hill  law,"  33,  49. 

Howard  County  limestone,  operators  in, 

349. 
Hnse,  C,  analyses  by,  443. 
Hydrated  lime,  255. 

cost  of  hydration,  259. 

cost  of  plant,  258. 

manufacture  of,  256-259. 

properties  of,  259. 

references  on,  259. 
Hydraulic  Index,  269-271. 
Hydraulic  limes,  268-271. 

classification  of,  268,  270. 
Hydraulic  modulus,  318. 

I 

Illustrations,  21. 
Index  of  activity,  282. 
Intermittent  kilns,  250-251. 
Investigations  of  Highway  Division,  35. 
Iron  ore,  152. 

list  of  operators  In,  154. 
Iron  oxide  in  Portland  cement,  282,  201, 
292. 


Jenneys    formation,    432,    433-434,    437, 

447. 
Jones  wharf,  marl  near,  469. 

K 

Kaolin,  116. 

Keedysville,  limestone  near,  419. 
Kellar,  O.  J.,  quarry,  380,  393. 
Kilns,  250-252,  323-324. 
Kittatinny  limestone,  295. 
Knox  limestone,  403. 


Lead,  156. 

Le  Chatelier,  277,  281. 

Le   Gore    Lime    Co.,    256,    383-384,    403, 

411. 
Le  Gore  quarry,  383-384. 
Lehigh  district,  278,  288,  290,  294,  295, 

321. 
Liberty,  limestones  at,  353,  366. 
Lime,  253-268. 

annual  production  of,  140,  327.    . 

discussion  of,  139. 

classification  of,  253. 

in  Portland  cement,  280. 

uses  of,  259-268. 
Lime  and  cement,  188,  249. 

classification  of,  270. 

materials  in  Maryland,  332. 

operators,  list  of,  849. 
Lime  and  cement  industry  in  Maryland, 
471-477. 
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Lime  and  limestone,  value  of  annual  pro- 
duction, 326. 
Lime    burning::,    calorific   value   of    fuels, 
474. 

cost  of,  475. 
Lime  Industrj-.  472-475. 
Limekiln,  limestone  at,  380,  302. 
Lime  kilns.  250-252. 

Limestone,    analyses   of,    235.    237.    461- 
462. 

for  basic  open-hearth,  246. 

for  furnace  flux,  244. 

annual  production  of,  473. 

as  ballast,  232. 

as  bulldlne:  stone,  230-231. 

as  furnace  lining,  230. 

as  road  metal,  232. 

burning  of,  250-253. 

chemical   uses  of.   233. 

composition  of,  228. 

discussion  of,  12S. 

In  glass  making,  235. 

list  of  operators  In,  130. 

metallurgical  uses  of,  234. 

origin  of.  227. 

properties  of,   for  Portland  cement, 
202-293. 

uses  of,  230. 

varieties  of,  229. 
Llneboro.  limestone  at,  360. 
LInwood,  limestone  at,  365-366.  377. 
Tjocation  of  Portland  cement  plant,  301- 
317. 

with  respect  to  fuel  supply,  315-317. 

raw  materials,  302-314. 

transportation,  302. 
Lock  Raven,  limestone  at,  338. 
•*  Log  Drag."  65. 
r»udon   formation,  400. 

M 

McAleer  quarry,  386. 
McComas-Humrlchouse   farm,   415-416. 
McHenry,  llmestono  near,  465. 
Mackall's  wharf,  marl  near.  460. 
McKenna,  C.  V..  analysis  by.  306. 
Magnesia,  field  tost  for,  307-300.  310. 

In  Portland  cement.  284.  280.  202. 
Magneslan   llmo.   255.  260,  265. 
Magneslan  stone.  342. 
Main-roads  system.  51. 
Manganese,  156. 

Manufacture    of     natural     cement,     273- 
274. 

Portland  cement.  317-322. 
Marble,  annual  production  of,  127. 

discussion   of,    124. 

list  of  operators  In.  127. 


Marls,  158. 

analyses  of.  293.  460-471. 

for  Portland  cement.  288,  293-204. 
Martlnsburg  shale.  383.  390.  400. 
Maryland  Cremo  Marble  Co.,  368-369. 
Massachusetts  Highway  Commission,  65. 
Mathews,  Edward  B.,  15.  25,  26,  99,  225, 

227,  336.  337,  344. 
Maynard,  T.  Poole,  456. 
Meade,  R.  K..  26,  277,  278,  279,  282,  283, 
284,  285.  288,  296.  319.  320,  370-377. 

analyses  by,  278.  378. 
Meade's  rule  for  calculating  clinker.  321. 
Mesozolc  and  Cenozolc  clays,  344-348. 
Metallurgical  uses  of  limestone,  234. 
Mica,   159. 

'•Mica-banded  rock,"  343. 
Michaells'  hydraulic  modulus,  318. 
Miller,  limestone  at.  360. 
Milk  of  lime,  uses  of.  266.  267. 
Mineral   industries.  1896-1907,   99. 
Mineral  paint,  155. 

list  of  operators.  155. 
Mineral  products,  annual  value  of,  101. 
Mineral  springs,  list  of,  157. 
Mineral  w^ater,  156. 

annual  production  of,  157. 
Modern  road  work,  results  of,  65. 
Molding-sand,  148. 
Molylidenum,  156. 
.Monterey  district,  356.  357,  358. 
Moredell,  limestone  near,  417. 

N 

Natural  cement,  271-276. 

analyses  of,  129. 

annual  production  of,  328.  329.  330. 

composition  of.  274-275. 

manufacture  of.  273-274. 

raw  materials  of,  272-273. 

relations  with  Portland,  275-276. 
Natural  cement  operations,  428-430,  435, 

436.   453-455. 
Natural    and   slag  cements,   annual    pro- 
duction, 477. 
Newberry.   S.   B..   277.  317. 
New  Windsor,  limestone  at.  363-364,  377. 
Norfolk   and   Western   Railway,   quarries 
near,  417. 


on  on  roads,  38. 
Ores  discussed,  150. 
Orlskany  chert,  450. 
Orndorf  <]uarry.   361. 
Osborn  Eng.  Co.,  tests  by,  424. 
O.xychloride  cements,  326. 
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Parker,  E.  W.,  27. 
Park  Mills,  limestone  at,  366. 
Patterson,  H.  J.,  analyses  by,  348,  396. 
Penniman  and  Browne,  analyses  bv,  26, 

378. 
Piedmont  limestones,  334. 

analyses  of,  340,  348,  370,  378. 

Carroll  County,  360-366. 

Frederick  Connty,  366-369. 

geology  of,  336-338.  350-360. 

geological  age  of,  337-338,  358. 

varieties  of,  852-353. 
Piedmont  Plateau,  335-379. 
Pinesburg,   limestones  at,   414-415. 

shale  near,  420,  421. 
"  Pinto,"  454-456. 

cement  works  at,  464. 
Porter,  J.  J.,  26,  238-240. 

analyses  by,  438,  439.  440,  441.  444. 
Portland  cement,  271,  276-325. 

accessory  constituents  of,  284-286. 

aging  of,  285. 

alumina  in,  281,  290-292. 

annual  production  of,  328,  329,  330 

cause  of  set  in,  279. 

chemistry  of,  279. 

composition  of,  277-286,  289,  294. 

essential  constituents  of  280-286. 

manufacture    of.    317-322,    373-377, 
426-428. 

plants,  cost  of,  322-325. 

raw  materials  for,  286-301,  294. 

relations  with  natural,  275-276. 
Portland  and  natural  cements  industry, 
475-477. 

Potash  in  Portland  cement,  284-285,  291, 
292. 

Potomac,  454-456,  cement  works  at.  454. 

Potomac  Cement  Co.,  428. 

Potomac  Natural  Cement  Co.,  403. 

Potomac  Valley  Stone  and  Lime  Co.,  414. 

Pottery,  annual  production  of,  116. 

Pottery  clays,  115. 

Price,  T.  M..  analyses  by,  348.  396.  438, 

443,  461.  462,  467. 
Prince  George's  County,  State  aid  in,  41. 
Proportioning  of  cement  mixtures,   317- 

322. 
Puzzolan  cement,   271,  325-326. 

annual  production  of.  328,  330. 
Pyrites,  154. 


Quarries,  description  of,  330-343,  360- 
370,  383-394,  410-419,  434-437,  449- 
460. 


Quality  of  stone,  determination  of,  307. 
Quantity  of  stone,  determination  of,  303- 

307. 
Quartzltes,  355. 
Quicklime,  see  caustic  lime. 


Rawlins,  limestone  at,  457. 

Raw  materials  for  natural  cement,  272. 

Portland  cements,  286-301. 

analyses  of,  317,  321. 

location  of,  302-317. 
Recommendations  of  chief  engineer.  34. 
Red  hematite,  153. 
Reinhardt.  W.  O.  A.,  26. 
Remsen,  Ira,  13. 

Residual  and  transported  clays,  344. 
Results  of  modern  road  work,  65. 
Rhinehart  property,  368-369. 
Richardson,  C.  analyses  by,  443,  461. 
Road  metal,  232. 
Roads  engineers  of  counties,  66. 
Rohrersvllle,  shale  near,  419. 
Romney  formation,  433,  437,  447. 
Romney  shales,  analyses  of,  437,  444. 
Rooflng-tile  clays,  114. 
Roop  quarry,  862. 
Round  Top,  limestone  at,  434-436. 
Round  Top  Natural  Cement  Co.,  435-436. 
Ruggles,  E.  P.,  15. 
Rupp,  A.,  quarry,  364. 

S 

Salisbury,  State  aid  to,  44. 
Sampling  and  drilling,  311-314. 
Sand  and  gravel,  146. 

annual  production  of,  149. 

list  of  operators  in,  149. 
Sandstone,  annual  production  of,  133. 

discussion  of,  131. 

list  of  operators  in,  138. 
Sang  Run,  limestone  near.  466. 
Schley,  Gilmer,  quarry,  387,  388-389. 
Schmidt.  M.  R.,  26. 

analyses  by,  348,  378,  396.  438,  439. 
461,  462. 
Schneider,  K.  A.,  analyses  by,  348. 
Scientific  staff,  15. 
Security,  cement  plant  at,  404,  421-428. 
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lime  and  cement  materials  In,  434- 
437. 
Western  port  limestone  near,  460. 
Westminster,  limestone  at,  360-362,  377. 
Weverton  sandstone,  400. 
White  Portland  cement,  283,  372. 
Whitefleld,  J.  E.,  analyses  by,  348. 
Whitmeyer-Bridges  quarry,  435. 
Wide  tires,  necessity  for,  64. 


Williams,  E.  C.  27,  407. 
Willlamsport,  fault  near,  407. 

limestone  at,  413-414,  416-417. 
Williamson,  R.  S.,  26. 

analyses  by,  848,  438,  440.  443. 
Wissahickon  schist,  344. 
Wolfe  quarry,  367-368.  370,  873-377. 
Woodsboro  district,  380,  883-386. 


York,     Pa.,     analysis     Portland    cement 
from,  283. 

Z 

Zies,  E.  G.,  26. 

analyses  by,  348,  378.  396.  438,  439, 
440,  441,  443,  444,  462. 
Zinc,  156. 
Zouck,  I*.  «.,  quarry,  401,  410. 


3  bios  DD>  ma  obi 


Verify  _L  shset  (s) 
in  pocl(6t 


i/ 


nP'^NNFP  FARTH  SCIENCES  LIBRARY 


DATE  DUE                         1 

STANFORD  UNIVERSITY  UBRARIES 
STANFORD,  CAUFORNIA    94305-6004 


3  bios  00>  m>  Dbl 


Verify  _L  shsst  (s) 
in  pocket 


y/ 


RP«NMrR  FAI?TH  SCIENCES  LIBRARY 


DATEDUE                         1 

STANFORD  UNIVERSITY  LIBRARIES 
STANFORD,  CAUFORNIA    94305-4004 


f    ' 


